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Sin 

1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1993 and 2001 , 1 headed the DNA Sequencing Laboratory at fte Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PGR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PGR assay is described, for example, in the following scientific 
publications: Higuchi et al. Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al, PGR 
Methods AdpL. 4:357-362 (1995) (Exhibit G) and Heid et al. Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successfiil PGR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PGR primers. The extent of 
digestion depends directly on the amount of PGR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PGR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PGR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PGR assay is exemplified by the following scientific publications: Pennica et al^ Proc. 
Natl. Acad. Sci. USA . 95(25): 147 17- 14722 (1998) (Exhibit E); Pitti et al. Nature 
396(6712):699-703 (1998) (Exhibit F) and Bieche etal. Int. J. Gancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, iPennica et al have used the quantitative 
TaqMan PGR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 

. receptor for Fas ligand in lung arid colon cancer, using the quantitative TaqMan PGR assay. Bieche 
et al used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PGR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PGR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown • 
pathology. Accordingly, a gene identified as being amplified at least 2.fold by the quantitative 
TaqMan PGR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the eflScacy of cancer 
thd^y. 

8. r declare further that all statements made herein ofmy own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Gode, and that such willful false statements may jeopardize the vaHdity of the application or any 
patent issuing thereoa 
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PROFESSIONAL EXPERIENCE 

Genentech Jnc. 1993-present 
South San Francisco, OA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical tnals for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
PartHSubteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chrohiosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993-1998 Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DAM sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle managenjent and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification, 

• Design and implementation of analysis tools required for high throughput gene identification, 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 

University of Toronto 

Toronto. Ontario, Canada. 1989 
Department of Medical 
Biophysics, 



Honours B.Sc 

'The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



Ph.D. 

"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R, A. Phillips 



McMaster University, 

Hamilton. Ontario. Canada, 1983 
Department of Biochemistry 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.LW. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989-1992 
1983-1988 
1983 



1983 



1981-1983 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park. AZ. USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 



Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting. Berkeley, CA. USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL. USA. September 1998 

The evolution of DNA sequencing: The Genentech. perspective. Bay Area Sequencing Users 
Meeting. Berkeley. CA. USA. May 1998 

Partial Growth Honnone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature, Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA. USA. October. 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76*" Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA June 1994 

A previously uncharacterized gene, myl. is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 



2000 
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PATENTS 

Goddard A. Godowski PJ. Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455.496. Date of Patent: Sept. 24, 2002. 

Goddard A. Godowsl<i PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426.218. Date of Patent: July 30. 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A. Roy M, Ferrara N. Tumas D, 
Schwall R. NL4 Tie ligand homologue nudeic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood WI. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410.708. Date of Patent:: 
Jun. 25, 2002. 

Botstein DA. Cohen IRL, Goddard AD, Gurney AL. Hillan KJ. Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood WI. WISP polypeptides and nucleic acids encoding same. 
Patent Nurnber: 6,387.657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372.491. Date of 
Patent: April 16, 2002. 

Godowski PJ. Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6.350.450. Date of Patent: Feb. 26, 2002. 

Fong S. Ferrara N. Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number 6,348.351. Date of Patent: 
Feb. 19, 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS. Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27. 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ. Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5.824.642. Date of Patent: October 20. 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth honnone 
insensitivity syndrome. Patent Number: 5.646,1 13. Date of Patent: July 8, 1997 



Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D. Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C. Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H. Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K. 
Yansura DG. Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH. Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. 6/oc/7en7/ca/Jbuma/ 360: 135-142. 

Lee J. Ho WH. Manjoka M. Corpuz RT. Baldwin DT. Foster JS, Goddard AD. Yansura DG. 
Viandlen RL, Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1. Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, AgganA/al S. Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl. Goddard AD and 
Gurney AL. (2000) Interleukin (ll-)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS, (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S. Yamaguchi Y, Schilbach S. Wada T.;Lee J, Goddard A, French D . Handa H. 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S. Lee J, Goddard A, de Vos AM. Gao WQ. Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN. Hillan KJ, Brown LA, Goddard A, Yang R. Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J. Teraoka H. Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D. Murone, M, Luoh. S, Ye W. Armanini P. Gurney A, Phillips HS, Brush, J, Goddard 
A. de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb 1, Deuel B, Dowd P. Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 1 1 : 729-735. 
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Yan M, Lee J. Schilbach S. Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitnrjent domain-containing proapoptotic molecule. J, BioL Chem. 274(15): 10287-10292. 

Gumey AL. Marsters SA, Huang RM, Pitti RM. Mark DT, Baldwin DT. Gray AM. Dowd P, 
Bnjsh J, Heldens S, Schow P. Goddard AD, Wood.WI, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB, Ng E. Kern JA .Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Carreer Research 59: 2718-2723. 

Pitti RM, Marsters SA. Lawrence DA, Roy M, Kischkel FC, Dowd P. Huang A. Donahue CJ. 
ShenA/ood SW, Baldwin DT, Godowski PJ, Wood Wl. Gumey AL. Hillan KJ. Cohen RL. 
doddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703, 

Pennica D. Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD. 
Hillan KJ, Gumey AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors, Proc. NatL Acad. ScL USA. 95(25): 14717- 
14722. 

Yang RB. Mark MR, Gray A. Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM. Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 1 6(7): 677-681 . 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J, Murone M, Luoh SM, Ryan A. Gu Q, Zhang C, Bonifas JM, Lam CW, Hynes M. 
Goddard A, Rosenthal A. Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A. Skubatch M, Baldwin D, Yuan J. Gurney A, 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M, Stone DM. Dowd M, Pitts-Meek S. Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor G//-t. Neuron 
19:15-26. 

Sheridan JP. Marsters SA, Pitti RM, Gumey A., Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptqsis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P. Chernausek S, Geffner M, Gertner J, Hintz R, Hopwood N. Kaplan S. 
Plotnick L, Rogol A, Rosenfield R. Saenger P. Mauras N. Hershkopf R. Angulo M and Attie, K. 
(1997) Partial growth hormone insensitivity: The role of growth homnone receptor mutations in 
idiopathic short stature. J. Pediatr. 131 : S51 -55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B. Vandlen R, Simmons L. Gu Q, 
Hongo JA, Devaux B. Poulsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE. Takahashi M and Rosenthal A. (1997) A GPI-linked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 717-21. 

Stone DM, Hynes M. Amianini M. Swanson TA. Gu Q, Johnson RL. Scott MP. Pennica D, 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

Marsters SA. Sheridan JP. Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1996) Apo-3. a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB. Williamson K, Goddard. A and Goeddel DV. (1996) l-TRAF Is a 
novel TRAF-interacting protein that regulates TRAF-medlated signal transduction. Proc. Natl. 
>Acad. Sc/, USA 93: 8241-8246. 

Yang M. Luoh SM. Goddard A, Reilly D, Henzei W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer In Molecular En docrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press. Cambridge UK, pp.1 87-21 5. 

Treanor JJS, Goodman L, de Sauvage F. Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F. Phillips HS. Goddard A, Moore MW. Buj-Bello A. Davis AM. Asai N. 
Takahashi M. Vandlen R. Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD. Gu Q. Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. Natl. Acad. Sci. USA 93: 7108-71 13. 

Winslow JW, Moran P. Valverde J, Shih A, Yuan JQ, Wong SC, Tsai SP. Goddard A, Henzei 
WJ, Hefti F and Caras I. (1995) Cloning of AL-1, a ligand for an Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981. 

Bennett BD. Zeiglen FC. Gu Q. Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Natl. Acad. Sci. USA 92: 1866-1870. 

Huang X. Yuang J. Goddard A. Foulis A. James RF. Lemmark A, Pujol-Borrell R. 
Rabinovitch A. Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diatyetes 44: 658-664. 

Goddard AD, Yuan JQ, Fairbairn L. Dexter M, Borrow J. Kozak C and Solomon E..(1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6: 732-737. 
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Goddard AD. Covello R, Luoh SM, Clackson T, Attie KM, Gesundheit N, Rundle AC. Wells 
J A, Carisson LMTI and The Growth Hormone Insensltivity Study Group. (1995) Mutations of 
the growth honnone receptor in children with idiopathic short stature. N. Engl. J. Med. 333: 
1093-1098. 

Kuo SS, Moran P, Gripp J. Armanini M, Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. Neurosci. Res. 38: 705-715. 

Mark MR, Scadden DT, Wang Z, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo, is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 1 0720-1 0728. 

Borrow J. Shipley J, Howe K. Kieiy F. Goddard A, Sheer D, Srivastava A. Antony AC. 
Fioretos T, Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet 21: 321-376. 

Borrow J. Goddard AD, Gibbons B, Katz F. Swirsky D, Fioretos T. Dube I, Winfield DA; 
Kingston J. Hagemeijer A. Rees JKH, Lister AT and Solomon E. (1992) Diagnosis of acute 
promyelocytic leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Br. J. Haemato/. 82: 529-540. 

Goddard AD. Borow J and Solomon E. (1992) A previously uncharacterized gene, PML. is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
Suppl3: 117S-119S. 

Zhu X. Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet. Cell. Genet. 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Med. J. 302: 409. 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Sdence 254: 1371- 
1374. 

Solomon E, Borrow J and Goddard AD. (1991) Chromosomal aben-ations in cancer. Science 
254:1153-1160. 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E. Pihiajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyl-4-hydroxylase and the enzyme protein disulfide isomerase to 
17q25. Cyfogenef. Cell. Genet. 56: 165-168. 

Borrow J, Black DM, Goddard AD. Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Not\ linking library from human chromosome 17q. 
Genom/cs 10: 477-480. 

Borrow J. Goddard AD, Sheer D and Solomon E. (1990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
1580. 
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Myers JC, Jones TA. Pohjolainen E-R, Kadri AS. Goddard AD. Sheer D, Solomon E and 
Pihiajaniemi T. (1990) Molecular doning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet 46: 1024-1033. 

Gallie BL, Squire JA, Goddard A, Dunn JM. Canton M, Hinton D. Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. Invest. 62: 394-408. 

Goddard AD. Phillips RA. Greger V. Passarge E. Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RBI cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genef/cs 37: 117-126. 

Zhu XP. Dunn JM. Phillips RA. Goddard AD, Paton KE. Becker A and Gallie BL. (1 989) 
Gemiline, but not somatic, mutations of the RBI gene preferentially involve the paternal 
allele. A/afure 340: .312-314. 

Gallie BL, Dunn JM, Goddard A. Becker A and Phillips RA. (1988) Identification of mutations 
in the putative retinoblastoma gene. In Molecular Bioloov of The Eve: Genes. Vision and 
Ocular Disease . UCLA Symposia on Molecular and Cellular Biology, New Series. Volume 88. 
J. Piatigorsky. T. Shinohara and P.S. Zelenka, Eds. Alan R. Liss, Inc., New York, 1988, pp. 
427-436. 

Goddard AD, Balakier H, Canton M. Dunn J, Squire J. Reyes E. Becker A, Phillips RA and 
Gallie BL. (1988) Infrequent genomic rearrangement and normal expression of the putative 
RBI gene in retinoblastoma tumors. Mol. Cell. Biol. 8: 2082-2088. 

Squire J, Dunn J, Goddard A. Hoffman T. Musarella M, Willard HF, Becker AJ, Gallie BL and 
Phillips RA. (1986) Cloning of the esterase D gene: A polymorphic gene probe closely linked 
to the retinoblastoma locus on chromosome 13. Prac. Natl. Acad. Sci. USA 83: 6573-6577. 

Squire J, Goddard AD. Canton M. Becker A. Phillips RA and Gallie BL (1 986) Tumour 
induction by the retinoblastoma mutation is independent of N-myc expression. Nature 222: 
555-557. 

Goddard AD, Heddle JA, Gallie BL and Phillips RA. (1985) Radiation sensitivity of fibroblasts 
of bilateral retinoblastoma patients as determined by micronucleus induction in vitro. Mutation 
Researc/7 152: 31^38. 



JUL-19-S004 13:49 FROM:GENENTE' 



ScLUSA^ 

»o<l «rf dofklnff 
1066-1070. 
tour clieeu of 

Vol 7, p. 

and Stcvqiii, 
: *9Ut*imli-virjil 
). fiiochem, j. 

\, K Gs«ni>ceni, 

id jpropcriicA oT 

:rss«ttoo of rhc 
528. 

1982. ruftn^i. 
of Oic umiviMi 

Mw tabilNtoror 
MttL 2S5:6947- 

Act", 54cI 
v» JU 5pe«i, S. 

ht;!, a.. Ctti\ni, 
PurifiCAUoo and 
Hlth RNANsc«y 
«tSoo from *<5 
Acta. m:S87-< 

«tor« tittifful 
ippcuiCA of jhc 

ur. J. Afoctem. 
fnm, H. I1»0. 

I and Scirpc. 

i., J&Tvwtii A. 
s oF n>lKcn^in, j 

nd propcrtkfl of 




# 



GPL 650 952 9881 



IS46638 



RESEAjRCH/ 



SIMULTMIOUS 
MnCDNA SiQHBKlS 



Kussell Higuchl^, Gavia DoUaBgerS P« Sean Walfifh and Robert Griffith 

Roche M«UjiaaIar Systems, Iixcm 1400 55Wi St.. Emttyvflk, CA 94C08. •OJiron Corparatipn, 1400 5Srd St, Eincryvaic, CA 
9460& ^Gorrcspoading audior. 



We IiAve ejohanced Ihe polyinera^e ch^ia 
reaction QKJl) such that specific DNA 
sequences can be detected withont open* 
ing the reaction tube# This enhaiicemeirt 
requires the addition of ethi<^nni bjnomide 
(EtBr) to a PCIt Since the fluorescence of 
EtBr increases in the presence of double- 
stranded ids) DNA an incixase in fiuot^s* 
cence in sudbt a PGR indicates a positive 
amplification, which can be e^Hy mmd-' 
toted externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress, tile ability to Sfpniha- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both stmpUfi^ and improves PGR and 
may facilitate its automation and more 
widespread use in the clinic or in odier 
situations reqoiriicig h^ »mple through- 
put 

Although the potential b!Ciic6.tfi of PGR* to cUu- 
teal d&gnoitics arc w<stt kiiowi^'-', it siill not 
widely used in this setting, even tliough it is 
fWur year* eiiMO thcrtnw^bl*! DNA po^jrfn^-r- 
iTifldc PGR practiGaL Soroc of the risiasbns fot Itn «low. 
RGceptatice are high cost, lack of automation of pre-? and 
post-PCR processing steps^ and false positive results, from 
carryover-contamination. The Ersi two points six: related 
in that labor is the larger cotttrtbutor to cost a* ihe present 
stage of PGR development. Mo3C Currtrtt assays require 
soTuc form of "downstream" processing once thermocv. 
cHng h done in order lo determine whether the target 
DNA sequence was present and ha$ amplfficd. The*e 
include DNA hybridiz^Cdon*'*, gel electropbomU wkh or 
without use of rcstrietion dtgesdon^;*/ HFLC?*, or capxUary 
eleoTophoresvi*^. These methods arc labor-intense, have, 
low throughput, and arc difiBcuk to aatranate- The third 
point is abo closely related to downstream processing. 
The handling of the PCR product in these downstream 
processes increases the chances that amplified DNA . wiU 
spread cbtou^ the t}^it«g' hh, resulung in a .risk of 



carryover" false positives in subsequent testing", 

These down;9Uea<n prooessitkg steps would be elinti- 
nated tf specific amplincatton and detection of amph&cd 
DNA took pk.ce nmuitancoosly wtthin an unopened re- 
action vessel AsE^iys in vftkh $udi difierent processes take 
place without, the need fio separate reaction componenb 
have been termed •SKwnogeneous'*. Ko ttuly homogc-. 
tieons FCR assays has been demonstrated to date, akhough 
progfiais tOW9rd$ thi^ end has been reported. Ch^b, et 
aL« dev^oped a FCR product deteccbn schenitc imng 
fiuorescent primers that resulted in a fi^arcficent PGR 
product Allde-speGific primm. c^di with di£Gcrcm Buo- 
tesdent tags, were used to indicate the genotype of the 
DNA. However, the anincorporaied pricieis tnust stiU be 
remtyved in a downstream pvxxsss in order to vbuaHzc the 
i^ult RcocnUy, Hoflaiid, et al.*'. developed p a»V 
iwKich the endogenous 5' ^^oudease dssay oi T^of DNA 
pOtytnerase was exploited to cleave a labeled X^gonudeo- 
tide probe. The probe would only deave if PGR amplifi- 
cation had pT^uced its oomjJementaiy sei^uence. In 
order to detect Utic deavage products, however, a subsc- 
qnent proccsjs is again fieeded. 

We have developed a trt»ly homogeneous assay for FCR 
and PGR produa deteccibn based upon the gready in- 
creased flttOFesccncc that ethidiuiEn btoinide and other 
DNA binding dyes exhibit when they ate bound .to. ds- 
DNA*^^ As outlined in Figure h a pitnotypic PGR 
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1 Mnddb of sizmiltaQccma 2unplificztkm and dctecltOA Of 

fCR prodficL The compoacnu of « PCR coataimntt EtBr that sre 
Ouoresoeni arefisced-^r .itself, £tar bound toother ssDNA 
dsDNA. There ht a large Quorcsceooc cnhanoctnent when EtBr |s 
bound to PNA and hmdin^ k greatly enhanced wJicn DNA is 
doufaie-strandcd, Ator su&cietit <n) .cKics of PGR, the . net 
increaM in df^NA resu)^ in addi^ooai EtBr byibdBn^, and «i DCt 
increase in total -RuarescciKx: . 
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fWW H Gel dcctropliore^ of PCat a:m{Hification pro<liicts of the 
human, ti«c&ar gcn<?, HLA DQti, ma4« in the pr«ttBcc of 
L"?'^^ anwums of JElBr (up to 9 fLg^tnl). The presence of 
Et»r tto obvioii9 effea on die yield or spcdiidty of dmnlifi- 
cauoa. 



B. 





nfME $ (A) ItUotescence mcBsurcraentji from PCRs tbdt cooiain 
0.5 ns^nJ EiBr and that ate specific for V-^itotnosotac repeat 
»e<]Oetioc». Five rri^'cace PCRs *?cre begun coPtAininf each oi the 
DNA» spedfted. At jcacfa indicaxcd cyde, <mc of the five lepticate 
PCR5 for e^ch DNA 'wds removed from tfaei mucydmff and Hs 
fluorescence mea^ure^. Units of fiuo^vficcnce Art Axbitrxrv, (B) 
UV photography of PGR tulxs (0,5 nd £ppcndOTf«tylc poiypio- 
pyk:n« mtaxH»ntii£uffs tubes) cont^ftting reaaion&» those ita.tt). 
frocn 2 ng male DNA and control rcacdons without ^y DKA^ 
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begins with primers that are jdngle-scrandcd DNA (ss^ 
DNA)» dhrm. ajod DNA polymerase: An amount of 
dsDNA contaihmg the target sequence (tar^t DNA) is 
also typically presenL Thh amouat can vary, depending 
on the applKatk>a, from smgle-cell amounts of DNA to 
microp^im per ?CR^®, If EtBr is present the re^cms 
that will fluoresce, in order of iiKrcasin^ fliuorcsccnoe, are 
fr^ EtBr hsdlf* and EtBr bound to the fitngk-fittanded 
DNA ptiiuers and to the doublc^tratuled target DNA (bf 
its tntercaladon between the stacked bases of the DNA 
dOT^bk^hc&0« After the first denatu ration cyde, tax^et 
DNA will be largely $tn|^-stranded. After a PGR is 
completed* the most significant change is the increase in 
the aoiount of dsDNA (the PGR product itself) of up to 
several tnkrogr^ms. Formerly free EtBr is botmd to the 
additional dsDNA^ resulting in an increase in fluprcs' 
ccncc There is also sofhe decrease in the amount of 
ssDNA primer, but becau^ the bindmg of £(Br to s^DNA 
is much less than to dsDNA» the effect of this change on 
the total fluorescence o^f the sample is smalL The fliioita- 
cencfs increase can be measured by ditecting ocdtadon 
iUumtnaiion thn^gh the walls of the amplifieachm vessel 
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before and after, or even conunuously during, (hermocv 
ding. ^' 

RESULTS 

PCR ia fee presence of EtBr. order to assefs th^ 
alFect of EtBr In PGR, ampHficatious of the human Hi j\ 
DQa g*ne*' were performed with the dye present at 
concentrations from 0,06 to 8.0 p,g^ml (a ty|ptca| concen- 
tration of EtBr u.<}e4 in staining of nuckik aads following 
gel electrophoresis is 0.5 p-g/iul). As shown in Figure 2/g3 
eleexro^hoTcsis revealed litde or no dijefaracc ia the yield 
or quality of the amplification produa whethtr £tBr was 
at^t ot present at any of these concentratiotis, indicat- 
ing dxat EtBr does not mhibit fC^ 

Defteetiov of hwnsui Y-dbttootdscPiEM spwSc 9e- 
^nencesu Sequence^pedhc, fluorescence enhanoement of 
EcBr a^ a rcsuh of PCR was detnonstrated in a series of 
amplifications comaining 0*5 ^g/ml EtBr and ptimer$ 
specific to rep^t DNA sequeticcs jEouad on the humaa 
Y-chromo«omc - These PCRs initially contahied cither 
60 ng male, 60 lig £tttiale, 2 ng roak human or no DNA, 
Five repikate PCRs were begun for each DNA, After 
1 7, 2 1 , 24 and 29 cycles of themiocyding, a FCE cadi 
DNA was removed from the tbarznocyder^ and its. fluo- 
rescence measured in a spcctToflnorometer and pioucd 
V5, amplification cycle number (Fiff. 3A). Tlic shape of this 
ciiwe rciccts the £aict that by me time an increase in 
fluorescence can bt deti:cted« djc increase in DNA is 
becoming linear and not expoviesitial with cyde number. 
As shown, the fluorcmnoc increased about three-fold 
over the iMickground fluorescence for the FCR^ (:?ontim- 
iag human male DNA, but did not sigmficanily increase 
for negative control FCRs^ which cont^ed either no 
DNA or human female DNA. The more male DNA 
present to b<;gin with— 60 ng versus 2 ng— the fewer 
cycle/: were n<^ed to give a detectable increase in fino* 
rescence. Od i d ec t ro y horesis oo the products of these 
amplifications showed that DNA fragments of the ex- 
pc<^ sxzc were made in the DNA containing 
reaetiotis and that Ikile DN A syntbe«s$ took place in the 
control samites* 

in addition, the increase in fiuoirescencc wa« visualized 
by OTnply laying the completed, unopened PCRs on a UV 
transilhiminator and photi^graphing them throtugh a red 
filter. This is shown in figure SB ibr the reactions thai 
began with 2 ng male DNA and (hose with no DNA^ 

Detection of ^>edfic aJUek^ of die htmian f(-globhi 
gene. In order to demonstrate thai this ^proadi has 
adequate spedfidty to allow genetic screening* a d<!xcaion 
of thc= ^kfe-cdl anemia mutation was performed^ Figure 
4 shows the fluorescence ftxHn c^nipkted amfMiCatiOA^ 

conitaining EtBr (0.& yLQftrd) a$ det^ct^ by photography 

of the reaction cubes on a UV cransiUuminator. These 
reactions were performed using pnTocTK spedfic for d- , 
ther the- w3d-tvpe or sickk-oeli mutation of the human 
p^lobin geiie*\ The spedfidty for each aUdc h imparted 
by plachig the sickle-mutation site at the terminal 3' 
nucleodde of one primer. By usiz^ an appropijidte primer 
annealing temperature^ primer ottensiQ!n-*wd thus am- 
pUfication — can take place only IT the 3' nudeotkle of the 
pnmtr i$ complemcntaTy to the 3«gKo^ aUde prc^icnt^^. 

Eadi^air 6f ampBiScations shown in Figure 4 consists of 
a reaction with either the wild-type alidt qpcdfic (left 
tube) or skkle-allde spedfic (right tube) primers. Three 
difierent DNAs- were typed: DNA fnom a homozygous, 
wHd-typc p-giobin individual (A A)i fn>m a heterozygous^ 
sickle ^M^l9b^^ individual (AS); and from a homozygous 
sickle p-glot^n individual (SS). Each DNA (50 ng genomic 
DNA CO start eadi FGR} was mklyzed m tripHcal^ (3 pairs 
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reactions each). The DNA type vas reflected in tbc 

^^plicationfi. There was a significant increase in fluores- 
jj^oc only where a p^globin aflele DNA matched the 
prinicr »ct. Whc» me^wxcd oa a spcctrofl^oromctcr 
MatR not shown)* this fiuorc^ccncc was about three times 
jjisit present in a PGR where both p-dobin alkies were 
^jbitiatchcd to the pHmet set. Gel ctectrophorecw (not 
f^via) established that chtfi increase lii f)uore$ceiice wa$ 
due to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for p^^lobin. There waa 
fitdc synthesis of daDNA in reactions in . which the aiiele- 
tficdfic primer was mismatched to both alleles* 

Goutiimoo^ iiMinhoiing of a PGR^ Usiag a fiber op^ 
de-icer ii h posKible to direct exdtation lUuminatioa from 
spectrofluorometer to a ?QR undcs^going thcrmocydin^ 
and t£s rctirrn its fluorescence to the Rpcctroftuoitnueter. 
IJic fltiorcsociKc readout of such an arrangement, di« 
tccted Rt an £tBtMxmiaiai&g ampli£icatioa of Y-diroroo- 
joflic specific sequences from 25 ny of human male DNA» 
h shown in Fi^^re B. The readout from a control K^R 
^ no target DNA is also shown. Thirty cycles of PCR 
verc monitored for each. 

The fhiorcsccncc trace as a function of time dearly 
shows the effect of the thermocyding. Fluorescence inten- 
sity rises and .£adb invcrsdy with «(mperauire The fluo- 
rcMcnce intensity is minimum at the denaturation tem^ 
pemture (d4*C) and maximum atthcannCaUn^eictension 
tcmpcratwTe (5(rC). In the nega(ive<ontroI PCRt these 
ilijorcsccnce m^ixima and minima do not change signtS- 
csintiy over the thirty tbormocydc^ indioting that there is 
thtk dsDKA iiyntbe^ without the appropriate tax^ct 
DNA, and there is litde if any WcachSiM of EtBr during 
(jhe continuous slhiTntnanon of the sample. 

Jn tibc PCR containing male DNA, the flqoTCScence 
maxima at the annealing/extensioQ tcmpemtuirc begin to 
incTcane at about 4000 seconds^ of thennocyding, and 
coAtinuc to increase whh time, indicating that dsDNA is 
being produced at a detectable level* Note that the fluo- 
rescence minima ai the denaturatioa tctttpcrasure do not 
aigftiftondy increase* presumably because ai this temper- 
ature there is no dsDNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the fluorcs-. 
ccnce increase at the annealing; temperature. Analysis bf 
the products of the$e two amphfications by gel clcetnopho- 
rows showed a DNA fragment of the cicpected size for the 
mate DNA containing sample and no detectable DNA 
syntheids for the control sample. 

DISCUSSION 

Downstreem processes such as hybridixation lo a se^ 
^uence-spediiEU: probe can enhance tlie specifidty of DNA 
deccuivn by PGR. The cHxni»atipn <yf Ui^tc processes 
means that' the spcdfidty of this homogeneous assay 
depends solely on dial of rCR. In the case of sickle-oeli 
dliease, wc have; shown that PGR alooc has safikient DNA 
sequence apedfidty to permit genetic screening. Using 
dppropmte amplilRcation cbnditiotis, there is little non* 
spcdfic production of dsDNA in the abecnce of the 
Tipjpropriatc target aikle. 

The spedfidty rcquiretJ to detect pathogens can be 
more or less than that required' to do' genetic screening, 
depending on the number of pathogens in the $am{>fe and 
the amount of other DNA that must be taken with d« 
sample. A difikuk target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thousands of host cdls^ Cotnpated widi genedc 
*jcenmg, which is perfoTOcdon cdls jcontaming at leas* 
one copy of the target ioqucnce» HtY idctecdan .roqutrcs 
Wh more spedfidty attd the input of more total 
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UV photography of FCR tabes contaiimif amptiikauoiis 
using EtBr ih9t are specific to wild-type (A) or stoule CS> alklcs cf 
file mnmD ^-gl^tin gene. The IdK of eacb p^rof tubes contains 
aUde-spedfic p^ixners to the wild-type aUdes. the ri^hx tube 
primers to the wcWe aflele. The phc^onraph was tafccn after SO 
cydcs of FCR,.aad the input DNAs and the alkles^^ ecmtam 
ai« fauficated. ?i% tag of DNA was used to beati FOR Typing 
was done in triplaracc (3 pain ot KULi) for cadi mpm DNA: 
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time (sec) 

RGIKS Continuous* rcal-dme monitcnmg of a FCIt A fiber optk 
was wcci to earw cxcitaiion light tn a K;R m progrew and also 
emitted Ufi^it badi to a Ihjoromctcr (bcc Experimental P*<»<oc^. 
AmpUficaUon umg human malo-DNA specific pnmcn in a PCR 
sttirung with ^ ng of htimaa male DNA (t<^X <^ j» « coatr^ 
PCR wthout DNA (bottttm), were monhoiTd, Thirty cydcj of 
PCR were ftJlowid fbr each, Tl*e tcmpcratun: cycled between 
(denaturatxmi) and SOHT* (ajincaliugand extcitsion}. Note in 
the male DNA FCR^.Uie cy«e (dmc) d<pi««Jct>t taorcasc in 
ihioreweni* i3A ttikc aimeaBngirext^^ 
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DN A--~up to uicrograin aniount:»^a order to have suf- 
Gdcnt niunbcre ottxrj^ct sequences. Hits iarg€ amount of 
xtartitig PNA hi an iainpU(icatkm stgnitkandy uicrcases 
the background ftuomcence omer which amy ^dditxanal 
fluorescence produced by FCR must he dtMct/^. An 
additional compKcation that occurs wiih targets in low 
copy-nun)ber is the fonnation of the ^^rimer-dimer" 
ardfacL This is ihc result of the extension of one primer 
using the other primct as a tcnxpbte, AYchough this occurs 
infircqucntTy^ once it occurji tnc extension product is a 
substrate for PGR amplificationf and can compete with 
true PGR taigets if those taigeta are t^rc. *f lie primer- 
dimtn- prodMa i$ of coune dsDNA and thus is a p^cntial 
source of false sig;nal In this bomoffcneous a^y. 

To increase PGR spedfidcy ano reduce the eSTect of 
primep-dimcr antpUfKatioa, we are invisscigatliig a num- 
DCr of approaches, inciudtng the use of ncsted'-prtmer 
amplificatiom dtat take place in a ^ngic tube', and the 
^liot-stari", ic which nonspecific atnplitication in reduced 
by raising the temperature of the reaction before DNA 
synthesis begins**. Prdimtnary resuks usmg these ap- 
proaches sug^e$t that nnancr-dimcr b effectively reduced 
and it is possible to detect Che incnease in EtBt Auore$- 
ecncc in a PGR insdgated by a ungle HIV genome in a 
background of lO' ccdts. With larger number^ of cells, ihc 
background Rvorcsccnce comnbuted by genomic DNA 
becomes probteinatic. To. reduce this baclcgrouod, it nj^y 
be possible to use sequence*q>ed(tc DNA'^^binding dye« 
that can be made toprcferentiaUy Innd PGR product over 
genon>H: DNA by mcor|Jorating the dye-binding DNA 
sequence into the PGR product d)roiigh a 5' *add-on" to . 
the oligonudcotidc primer*''. 

We have shown that the detection of Buorescence 
generated by an EtBr-contalning^PGR ts straightforward, 
both once PGR is cotnpkted and continuously during 
thermocycling. The ease with whidl automadon of spe- 
dlk DNA dctecckm can be accomplished is the most 
protEiiQTig aspect of this assay. Th.^ fluorescence analysis 
of completed PCRs is alrcadyjiosiiWc with cxlstai^ instru- 
mentation in 96-well format^. In tlus format^ the fluores- 
cence in each PGR can be ^uantitated bcforct after, and 
even at selected points during thcrnitocyciii:tg by moving 
the rack of PCRs to a de^niicrowcU plate fluorescence 
reader*^. 

The instrumentation accessary tocondnuousily monitor 
multiple PGRs simultaneously is also simple in principle. 
A direct cTctcnsion of the apparatus used here is to luivc 
mulll^ kberopdcs transmit the citation light and flu- 
orescent emissions to and from muUipte PCRs. The ability 
to monitor multiple PCRs continuously may allow quao- 
dtacion of target DNA copy mimbcr- figure 5 fiho*fs that 
the lai^er the aniouxit of starting target DNA, the sooner 
dii Hrk^ PGR a fliiorraMience increase » detected. PreHnii- 
nary experiments ^Higudii and DoUinger, manuscripc in 
preparation) ^nth continuous monitoniig have shown a 
$ciisiaYity to two*fold dififcrcnccs in initial tSir^ DNA 
concent radon. 

Conversely, if the number of target molecules is 
known — as it can be in genetic screening-TContinuous 
motutoring may provide a means pf detecting fahc posi- 
tive and false ncga«ve results With a known numb^ of 
target molecules, a true poddve would exhibit detectaUe 
fluorescence by a predictable number of cycks of PGR* 
Increases tn fluorescence detected before or after that 
cycle would indicate potential artifacts* False negative 
re«ahs due to» for eaample, . inhibition of DNA pofymcr- 
ase^ may be detected by ioduding within each PGR an 
ineHicicDdy ampHfying marker. This marker results in a 
Auoreficence increase only after a large number of cy- 
clefi-->i»any more' than arc ncpcssary to fktiea a true 
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positive. If a sampik fails t<3 have a fluorescence increase 
alter this many cycles, iohibitton may be suspected. Since, 
tn this <Ls$ay, condusions are drawn based on the presence 
or abseoce of ffuorc^ocnoc signal alone, such controls rnay 
be ImportanL In any event before any test based on this 
principle is ready for the dinic^ an asscsnnent of tt^ faUe 
posidve^fsilse negadve rates will need to be obtained using 
a large mirabcr of known sampies- 

In summary, the inclusion in PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detca spccihc DNA amplihcacion from oucsidit 
the PGR tube. In the future, instruments based upon this 
prindpk may faciHtate the more widespread use of PGR 
in api^cations that demand the Yagh throughput of 
samples* 

EXPERIMENTAL PROTOCOL. 

Hiunan HLA-DQa gene *mpHBaaio»s civatainii^ CtQi, 
PCRs vfcre «t lip inlOO }4 volumes oonialning 1 0 mM Tris^HQ* 
pH 8.3; 50 mM RQ; 4 n*f MgOx: tJ^ units of taq DNA 
pofymcfAse (P*rkii»*Eh«cr Genu. Nomralfc* CT>; 20 pniole each 
of human HlA-DQ(k ' gene spcdfic oligonuckoode primers 
iiHtb and Cmi^ and apprcaoniatcly 10* copies of DQot PCK 
product diluted from a prtdous reaction. EuikKuai broinide 
(Et&r; Signup was used M the conGcntrationE indicaied in Figure 
2. ThermDcyding proceeded for 20 cycles tn a mode! 4d0 
dicrmocydcr (Per^itvClMer OtW, Nonnalk, CT) uan| a "stcp- 
cydc" pT\)gnun of 94^ for 1 niin..dcaaUiTatJpn and 6(rG tejrtO 
sec ttnnea&ng and 72^C for 30 sec. e&tenston. 

Y<chioiiio8imic specific PCR. ?CRs (100 |d total reaction 
volume) containing Oir £t3r vrcrc prepared as described 

for HiA-DQ0(, except %d3x diflcrcnt primes and target DNAs. 
These PCRs contained 1 5 pmolc each male DN A-spccific prt we»^ 
YI. I and and cither 60 ng male, 00 ofi fcnwife, 2 rig male, 

or no human DNA. Thermocyttling was W*C Tor 1 niin- and SOX^ 
for 1 min using a "rtcp-cyde* program. The mimbcr of cycles for 
a sample were as indicated in ff^te 3. nuorescencc measure- 
ment « described bckiw. 

Allele*«pccifi9^ fsoraan ^leom PGR. AmpU^caiions of 

100 fd vmunve using 0.5 pi^/ml of ZtBr were prc]j>ared 
described for HUV^DQui above except with diSca^t primers an<i 
taigct DNAfi. These PCfo contained either, primer pair HGFS/ 
HP 14A (wRdHvpe globtn :ipeciac primers) or HOP2^1jiHlS (skk- 
Ic-giobin speattc primers) at 10 pmde ?i»ch piimcr per PGR. 
Titese ptimcrs wrrc developed by Wu ct nL^K Three different 
iatgei iVn As «vere tued in separate ampliflcatioasi-^O »g ea^ti of 
human DNA that was homosy^gpus for the sickle ti^it (9S)* DHA 
that was hctcrDryrous for the Stdcle trait (AS), or DNA that >ras 
homo^^^ for UtC W.l. ^Obin {AA). ThcrrmxiycBug wJW ffir SO 
cycles at 94^ for 1 min. and SS*^ for 1 min. ittt&| 9 ••atciKycte" 
program. An annealing t<mpccature of 55*t3 b*d1x:cn shown vy 
Wn ei al^^ to prorid^ aUctc-epcdfic ampliacation. Completed 
PCR$ were photngraphod tfarous^ a rvd filter <Wrattcn 23.^) 
after pladbg the reason tyb<5 aujP a model TM*36 tr«mflfflumi- 
nator (UV-products SahC^abrkl, CA>. 

Fhioresceneemeasnreciene. Ftvorescence measurement^ wet* 
mad^ oh PCRs containing Et»r in a Fluorolog-2 Ottoromctcr 
^PEX, Edisvn. NJ). Exdtatwn was at the 500 nm band with 
Ahout 2 nm Ixmdwiddi with a OG 4»S nm cut-off filter jMeU^ 
Grist. Inc.* Irvine. CA) to exclude scxxwd-order light. Eronteo 
tight was dcteacd at 5'^0 nm with a bandtddtl) of about 7 nm. An 
OO 530 um cut-off B^icr was used to remove the cxdtatioo Kjfht- 

ContitHioaft HaoKMeence mouitoing of PCR, Condnu^ 
monitoring of a PCR in piOgrcss was accomj^isbed usin^ GiC 
specCFofluorcHnetct and setdngs dcscribod above as weu as a 
fibcnipdc accessory (SP£X caL no. 1950) to both send «tc«atiou 
fight to. and receive emitted light fmm, a PCR pfeocd in a wcH « 
a modd 480 ihemKKydcr (Pcrkni-£2mer Celus). The probe tnd 
of the fiberoptic cable was attached wiili "5 nwo utc-cpoxj*'' to tw 
open top of a PGR tube (a 0.5 ml polypropjicne centrifuge t\ibe 
with its cap rrmoved) ^effeciiveW flcabog it- The exposed: top ol 
tbt( PCR lube and end of the fibero|njc caWc were sliicldcd 
from room l%ht and the iO0« b'gha were kept dimmed durmg 
• each run. The moniiorcd PCR was an ampWcadOn of Y-cbro- 
nios6nif>«pcdlic repeat scq'^ccs a-i described above, cjfccet^t 
using.an anncalingteLtenSion letnperauirc of 50^ The rcaCU^^n 
was OOvercd widi Knu>er^ ofl {2 drops) to prevent cvaporanon- 
Thcrmocyding^and fluorescence tncasuixmcnt were started si- 
multanomisly. A timb-b^ seat^ witft a 10 soaind ini^ft^ oinc 
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SCD-14EUSA 

Trauma, Shock and Sepsis 




The CO-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for lipopolysaccharide 
(LPS) complexed to LPS-Sindir^-Protein (LBP). The 
conceniraiion of Its soluble form is aflered under 
certain pathdogica! conditions. There is evidence for 
an Important mle of sC0-14.with pofytrauma. sepsis, 
burnings and infiammaeons. 
During septic condifions and acute infections It seems 
to be a prognostic mariner and is therefore of value in 
monitoring these patients. 



IBL offers an EUSA for quantitative determination of 
soluble CD-14 }n human serum, -plasma, cell-culture 
superrvatants and other biological fluids. 

12 X 8 determinations 
(mIcrotJter strips), 
precoated with a specific 
monoctonal antibody. 
2x1 hour incubation, 
standard range: 3-96 ng/ml 
detection limit: 1 ng/m) 
CV: intra- and interessay < e% 



For more iof omtation caU or fax 
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We itave enhanced the polymerase ch^ti 
teaclioit (FOR) such that specific ONA 
sequences can be detected wxdiffttt open- 
ii^ the reaction tube. Thb eubaiicemefltt 
^nires the addition of ethidium binomlde 
(EtBr) to a FCR. Since tike fluorescmce of 
EcBr increases in tibie presence of double* 
stranded (d») DNA an inct^e in fiuoi^s- 
cence in such a PGR indicates a positiire 
amplification^ wbicli can be eaisily moni* 
toted externally. In fact, amplification can 
be continuously monitored in order to 
foUow it$ progress. The ability to simulta- 
neously amplify specific I>NA sequences 
and detect the prodnct of the ampUfication 
both simplifies and improves PGR and 
may fsicilitate its automation and more 
wide^read use in die clii3dc or in other 
situations requiriifcg high sample tltfough- 
put 

Although the potential b^:nc6.w of PGR* to.cliu- 
kal d&gnosdcs ^rc wcH kttowi^'', it U siiU not 
widely used in this «cttingi even tliottgh it is 
^mxr ye^rt cinoo thcniwi^Abl^ I>NA potym^r- 
made PCR practicaL Some of the risasbns for itA slow 
iiQceptance are hjgh cost, latik of automation of pre-t and 
post-PCR processing steps, and false positive results, froni 
cairyovCT-cOntamitiation, The fi.T5i two points »rc rdated 
in that labor is the largest cotitributor to cost ait the present 
stage of PGR development. Most i^urtetit assays require 
some form of "dowtistream" pttxsessing once thetmocy- 
ding is done in order lo determine whether the target 
DNA sequence was present <wjd hds amplified. These 
incluide DN A hybridization***, gel etectrophorests with or 
without use of rc5triaion digesdon^;*, HFtCr, or capillary 
deetrophoTOls*^. These methods ate labor-intense, have 
tow ihroitghput, and arc difficult to automate. The third 
point is aSso elosdy related to downstarcam processing. 
The handling of the PGR product in these downstream 
processes increases the chaikces that ampli^ed DNA wiH 
spread throxigh the t]^tig' lab^ <«suiang in a .risk of 



carryover'' £9ilse positives in suhse^nt testing . 

These downstream prociesslttg steps would be elimi- 
nated if spedfic amptification and detection of aaiphied 
DMA took place simuItancon«ly within an unopened re- 
actkm vessel Assays in v^luch stidi diOerent processes take 
l^ace without, the iDCed to separate rcactim components 
have bt»t* temed •IwMiaogiMteous''. 1^0 ttuly hbmogc-. 
tieous PGR assay has been d^onstrated. to date, akhough 
progr^ towards Hiis end has been repoTtcd*- C3i^iab, et 
aL^% developed a FOR produa detection sch^e imMx% 
fluorescent pnmers that resulted in a fiaarcscent FCR 
product Allclc-«pedfic primers, each with different Such 
re^nt t^ were used to indicate the g«cnotype of the 
DNA. Ho«vever, the anincvrporaced primers tnust stdl be 
removed in a down$tream process in order to visu^zc the 
result Rcoentiy, HoOaiid, et ai^'t developed an a«»r in 
whidi the endojg^enous 5' ^sG^Oudease assay of Td^^ DNA 
pdlymerase was expkitcd to cteave a labeled oHgonudOT- 
tide probe, Hie probe would only deave if FCR amphft- 
cation had produced its oompi^eatary aeqpmce. la 
Older to detect tiic dcavage products, however, a subsc- 
qmcntproccsjsw again tieeded. , 

We have developed a ttuly homogeneous assay for FCR 
and PGR product detection based upon the gready in- 
creased fluorescence that ethidium btoinlde and other 
DNA bindnig dyes exhibit whca &ey arc bound tojs- 
DNA^^*^, As outbncd in Figure h a proiotypic PGR 



/ 



iBdMAprirom 




1 Mndplc of siimiltancoua ampGficadoii and- detection of 
PCRpsDducL 1liGcxmip6oi:nUofaF04t«oat9rinhi^£tBrthataTO 
ftuoresQem arelisced'-EiBr itself; EtBr beund tacithcr isDNA ot 
dsI>N A. There is a Urge fiuorcsceocc cnhiuiGcoicdt when EtBr is 
bouod to 0NA and hmdiiig^ is greatly enhanced ivhcn DNA .is 
dGuhle-strandcd, AlEte sumdent <n)..cwics of PGR. the net 
iacraoe in df^NA resuks in additional EtBr bia£n^* and a net 
incrcaae in total fluoxcMcntfii 
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product 



fMW 2 Gd dcdrophoresis of PCR a[mplification products of the 
huQKU), tiudcar gene, HLA DQtt, inad* in the pr«oacc of 
incrcftswg anwiiots of EtBr (op to 8 fi^tdl). The presence of 
eXSfr Km& do oMoiis eflca on die ykJW or spcdfiaty of dmplifi- 





HOm > (A) Itoocesce&ce mcasuremenu from PCRs that onitain 
0.5 iftg/m] EtBr and that are specific for V^Oi^ti^osOJEne repeat 
sequences. Five replicate ?GR5 t^ere begun oontj^ininff ««h the 
DNA* spedAed. At eadi indicated cyde, one of the five leplicate 
fCKs for C9ch DNA was icnioved from thcrmocyding and its 
fluorescence measured. Units of fiuo^vficcnce Are aTtitruy. (&) 
UV photography of PCRtuU* (0.5 nil Eppcndoif^tylc, poCyprKh 
pykne tntcro-cetttrifueeitubes) cdnuming reactions* those jcta.tti 
ing &oin 2 ng male DNA and control rcBctiona without any DHA, 
from (A). 



begins with primers that are ^glo-$traiided DNA (ss' 
DNA)» dNTlhs, aud DNA polymerase^ An amount of 
diiDNA contaitimg the target sequence (target DNA) is 
also typicaUy present. This amouat can vary, depending 
on the applKation, from siitgle-ceU az3riuiinfe$ of DNA to 
microhms per ?CR^^ If EtBr is present^ the re^ent^ 
that wiU fluoresce, in order of increasing fioorcsccnoe, are 
free EtBr itsdf* and EtBr boucid to the singk^stiraddcd 
DNA pHiuen and to the doublc^traaded target DNA (by 
it5 mtercalatton between the stacked ba$c9 of the DNA 
dOT»bk>hdiK}« After the first denatutation cyde, target 
DNA will be largely $in|3e-stranded. After a PGR i^ 
completed, the most significant duuxge i$ the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several micrograms. Formerly free EtBr ts boimd to the 
additional dsDNA^ resulting in an increase in fluqrcs- 
cencc. There is also some decrease in the amount of 
ssDNA primer, but becau^ the binding of EtBr to s&DNA 
is much Jess than to dsDNA, the eB^^ct of thb change on 
the total Ruore$ccncc of the sample is smalL The Dvorcs* 
cence increase can be measured by directing cxdtadbn 
iiiumiitaikm thn^gh the walls of the amplili^chm vessel 
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before and after^ or even ooniimuously during, (hermocv. 
ding. ' 

RESULTS 

PCR in fee presence of EtBr. order to asset^s the 
affect of EtBr io PGIU aoiphficationfi of the human Hl.^ 
DQa g^ne** were performed with the dye pmetit at 
concentrations from 0.06 to 8.0 p-g^ml (a typical concen- 
tration of EtBr tL<xd in staining of nudeic aods Allowing 
get ekcirophoresls is 0.6 M.g/n>0. As shown in Rgure 2> g^ 
eleCfro^horesis ix;vealed litde or no diiScrencc in the yield 
or quality of the ampiifkadon product whether EtBr was 
absent or present at any of these conoentfatton$» indicat-* 
ing tibat EtBr doe« not inhibit PCR. 

Deteetxm of fatMnian Y«dltrMifeOomMi Gpecalie 9t- 
SFcinces^ Sequence-specific fluorescence enhancement of 
EtBr a5 a rcsuh of FOR was dononstr^Udd in a $cnes of 
amplifications containing 0.5 }tg/mi EtBr and ptimers 

?>eofic to repeat DNA sequences found on the human 
-chromosome*^- These PCRs initially contained cither 
60 ng male. 60 vkg fettiale. 2 ng mak human or no DNA. 
Five replkatc PCRs were begun for each DNA* After 
17, 21, 24 and 29 cyde» of thenuocyding, a PCR for cadi 
DNA M-'as removed from the thermocyder, and its. fluo- 
rescence measured in a spectroflnorometer and plotted 
vs, amjdificadon cyde number (Fiff. 3 A), The shape of this 
curve reflects the fact that by the time an increase m 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cyde number; 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain- 
ing human male DNA, but did not signiflcandy increase 
for mcgadve control PCRs^ which cont^ed eitKer no 
DNA or human female DNA. The more male DNA 
present to btjgin with — 60 ng versus 2 ng— the fewer 
cyctei; were needed to give a detectabte increa.se in fluo- 
rescence. Od dectmpnoresis oo the products of these 
ampliflcations showed that DNA fragments of the ex- 
pe<icd skc were made in the male DNA contain>ng 
reactions and that little DNA synthesis took piace in the 
control samples. 

In addition^ the increase in fluorescence visualized 
by simply laying the c(»npleted» unopened PCRs on a UV 
transilhiminator and photogr^»phing them through a red* 
Alter. This ts shown in figure SB lor th£ reacdons thai 
began with 2 ng male DNA and those with no DNA. 

Detection of 2^>eesflc alJelai of the htiman ^-globin 
gene. In order to demotistrate that tfus approach has 
adequate spedflcity to allow genedc screenings a d<IXccuon 
of the ^xcklc-Gcll anemia mutadkm was pedfonncd. fl^c 
4 shows the fluorescence fran completed amplifications 

contadboing EtBr (0.& y^Qftnl) a« deUsct^d by p^Cotography 
of the reaction tubes on a UV transiiluninator. These 
reactions were performed using pnnKTR spedfic for ci* 
ther the wild-tjT>e or skkle-cell mutadon of the human 
p^obin gtoe*^ The spccifidty for each aWctc is imparted 
by placmg the sicUe-mutadon site at the terminal 3' 
nucteoddc of one primer. By using an appropijdte primer 
annealing temperacuret ptimiCr ottenstt^n-^nd thus am- 
plj5c9tion--can take place only if the 5' nudeotide of ^ 
primer is CTiap.Icmcntary to the p-^xAjm allele prcficni^ • 
Each j}ajr Of amplifications shown in Figure 4 consists of 
a reaction wid[i either the wihJHypc alldt spedfic (left 
tube) skklc^Ude sped&c (right tube} prknei^. Three 
different DNAs were typed: DNA fn>m a homozygous, 
wiid-typc p^^obin individual (AA); from a heterozygous 
sickle ^Mgipbin individual (AS): and from a bomozyg*^ 
siciJe p-gM^n indnidua] (SS). Each DNA (50 ng gex^omic 
DNA to start PGR) was v^iyzed m tripHca^ (3 p9sa 
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reactions each). The DNA .type vas reflected in tibc ' 
^]2itiv<i Auotescctice mtcniiiti6» in «adi {sa'tr cf com(^«lied 
^(pplbGcatioitt. There was a significant increase in fluores* 
^oc: Qtily where a ^-^lobin allele DNA matched the 
primer «ct. Whcjj measured oa a spcctroStioFDaictcr 
Mat^ not shown)* this fluorescence was about three times 
jj^t present in a FCR where both p-dobm alkies were 
^bitiatcbcd to the pnmet set. Gel ctectrophorcsWi (not 
j^own) e$tablished that thw increase in fluorescence w$ 
<)ue to the synthe^ds of nearly a microgratn of a DNA 
fri^cnt of the expected size for p-^lobin* There was 
litdc syntHestt of dsDNA in reactions in . which the aflefe" 
tfiedfic ptimer was mismatched to tx>ch alleles^ 

GoQiittvoii5 monitovvatg of a PGIU 'Usiti^ s fiber optic 
devkterit ii^ possible to direct excitation iUuminatioti from 
jqpectrofluotometer to a PGR undci:goiii^ thcnnocyditig 
and td rcttirn its fiuorcsccnoe to the Kpcctrcftuorometer. 
IJic (ltiorc$ccncc readout of such an arrangement^ di' 
^ed At an EtBr-containing amplificadon oi y^dhtromo- 
jornc spcd6c sequences from 25 of Wm»n male DNA» 
U shown in Figure 5. The readout from a control I*CR 
with no target DNA is also shown. Thirty cycles of PCR 
vrerc monitored for each. 

The fhiorcsccncc trace a^ a funcdon of time dearly 
shows the efiTeet of the thermocydicg. Fluorescence inten- 
sity tises and .&db inversdy with tempcratuie The Auo- 
irtccncc intensiiy is minimum at the denatuiadon tem^ 
pemture (94''C) and xnaxiiiiufn at die anncaUn^extexuuon 
tcmpcratvie {SO°C). In the negative-control FCIU these 
fluorescence maxima and minima do not dtangt signifi- 
csintly aver the thirty tbcrmocycks, indicating that there is 
Ihtk dsDNA synthesis without the appropriate tax^ct 
DNA, and there Is litde if any Wc5M:lujjg of EtBr during 
the continuous ilhiniination i^f the samj^. 

Jn the PCR containing male DNA, the fluorescence 
inaximia at the anneaSng/exsensioc temperature begin to 
incrcane at about 4000 seconds of thcnj)OCyding, and 
coAtintic to increase with time« indicating that dsDNA is 
being produced at a detectable leveL Note that the fluo- 
rescence minima at the denaturadon tetnperarure do not 
fligmttcandy increase* pre5UmaMy because ai this temper- 
ature there is no dsDN A for EtBr to bind. Thus the course 
of tht amplification is fblJowcd by tiatddng the fluorcs^ 
ccnoe increase at the aonealin^ temperature. Analy^ of 
the products of these two amphficadons by gel ciccbropho- 
fTfus showed a DNA fragment of the expected size for the 
male DNA contamtng sampk and no detectable DNA 
symhestt for the control: sample 

DISCUSSION 

Downstream processes sudi as hybridi7^on to a se- 
qveace-ftpedfic probe can enhance dxe spedfidty of DNA 
clcf<^tlvi) by PGR. The cHzxiiiMtipn dicac pfocc39G3 
means tluit the spcdfidiy of this homogeneous assay 
depends solely on that of PCSL In the case of sickleoeli 
dliease, we have shown that PGR alone ha^ sufficient DNA 
sequence spcdfidty to permit genetic screening, U^ng 
jippropriate amplification conditions, there is Utdc non- 
»pcdfic production of dsDNA in the absence of the 
appropriate target aikle. 

Tbc spedfidty required to detect pathogens can be 
more or less than dxat rc«)utred to do genedc screening, 
depending on the number of pathogens in the samf^e and 
the amount of odicr DNA chat must be taken with the 
sample. A difikrult target Is HIV, which rctjuiriz detection 
of a viraJ genome that can be at the level of a few copia 
per thoiL«ands of host cells*. Compared with genedc 
screening, which is performed on cdls containing at lea« 
One copy of die target sequence, HIV Idetecdqn requiiies 
both more spedfidty atid the input of more wtal 
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Rfitm 5 Omtintxous, rcal-tnae monitormg of a PCH A fiber optk 
was «cd to carry cjuotation figitt m a HiR to progress and alsp 
emitted lig^it baA to a fltioromctcr (sec ExfentJicntal Ff^OToJ)* 
Aniplificadoo'tfSing-hunsan n]Silo*DNA spcafic pnincrB in a PCR 
Starting with ^ ng of human male DNA {topx or in a coxitrol 
PCR wthcTut pNA oi^tti), were fwmiioiTd, Thirty cyd« of 
tCR were foflowed for each. The tcmpciauini cycled between 
94*C (denaturadon) and 50*C (annealing and extension}. Note in 
the male DNA PCR,. die cyde (dmc) dcpiw«lcDt inoeasc m 
fluorescence at dM£ amseafiftg/exteDMim sett»p«tatttre. 
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DNA — up to micrograin amounl»™-!a order to have suf- 
Gcicnt numbers oftar^gct sequences. This Isurge amount of 
fitting DMA Hi an ampU6cation stgnlBcantly ixicrcases 
the back^ttHirtd fluorescence over which aay ^ddftxonai 
fluore^nce produced by FCR must be dci^;ted. An 
additional compHcation that occurs with targets ui low 
copy-nxxmber is the formation of the ^^mer-^imer" 
anifacc This b the result of the cxtensioix of one primer 
using the other ptimcr as a tcinplate. Although this occurs 
infrojucntly^ Once it occurs the extension product is a 
substrate for PCR amplificatiorif and can compete with 
(rue PGR targets if those targets are rare, f he prlmer- 
dim<rr produa is of course d$DNA and thus 13 a potential 
source of false signal In this homofleneouis aji$ay. 

To increase FCR spedfkicy anc reduce the eBTect of 
primer^mer axTlplifitadkm, we are inyiesdgating a num^ 
her of approaches, induding the use of ncst^^prtmer 
ampUfkations that take place in a jingle tubc^. and the 
^ot-start", in which nonspecific ampUfkaHon reduced 
by raising the temperature of the reaction before DNA 
synthesis bcgins^\ Preliminary resuks using these ap- 
proaches $ug^«5t that -nrvner-dimer b effectively reduced 
and it is possible to detect the iticry^se in EtBr Auores- 
ecncc in a PGR instigaced by a »ngle HIV genome In a 
backgrOutid of 10* cxdU. With larger numbciu<^ cells, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To, reduce ihia background, it m^y 
be possit^ to use sequence-^pedBc DNA-binding dyes 
that can be made toprefcrentiaJly tnnd PGR prodxici over 
genomic DNA by incorporating the dye-binding DNA 
sequence into the FCR product urmigh a S' ^add-on" to 
the olisonucSeotide primer*''. 

We have shown that the detection of fluoresoettcc 
generated by an EtBr-containing^ PGR is straightforward, 
both <xicc PGR 15 cotnplctcd and continuously during 
ihermocycfing. The ease with whidi automaton of spe- 
dik DNA detection can be accomplished is the most 
ptotnidng aspect of this assay. The Huorescence analysis 
of completed PGR* is alreadyjpossibic with cxistit^ginstru- 
znentatiOTi in 96-well format^. In tlu« format^ the Buores- 
cence in each PGR can be ^uantitated before* after, and 
even at selected points during thermocyciitig by moving 
the rack of PCRs to a QS-mictowcJl plate fluorescence 
reader*^. 

The instrumentation necessary to continuously monitor 
multiple PGRs simultaneously is also simple in prindple. 
A direct cTctenston of the apparatus used here is to have 
mulil^ Bberopdcs transmit the e;u:itation light and flu- 
orescent emissions to and from muhipte PCRs. The ability 
Co monitor tnuldple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure 5 shows that 
the lai^er the amount of starting target DNA< the sooner 
during PCJR a fluorpscencG incrra5e vi detected. Prdinii- 
nary experiments <Higuaii and DoUinger, manuscripc in 
preparation) i^ith continuous monitoring have showici a 
$cniniivity to two^fold diifcrenoes in inhia} target DNA 
concentradon, 

Gonversd^i if the nutnber of target molecules is 
known — as It can be in genedc screening--:eoDtinuous 
monitoring may provide a means pf detecting fabc posi- 
tive and fabc negative result^. \^th a known numb^ of 
tax^ molecuks. a true posidve would exhibit detectaUe 
fluoresoenoe by a predictable nun^ber of cycks of PGR. 
Increases in fiuorcs^nce detected before or after that 
cycle would indicate potendal artifacts* False ncgadvc 
roitiks due to» for example.. Inhibttion of DNA pofymer- 
ase« may be detetted by ioduding within eadi PGR an 
inefEcicndy ampEfyijig marker. This marker T<siults in a 
AuomcenGc increase only after a large nttmber of cy- 
cles— many more' than are ncjocssacy to ikcea a true 




positive. If a sampJe fails to have a fluorescence incrcai^ 
after this many cycks, inhibition may be suspected. Since, 
In this assay, condusions are drawn based on the presence 
or absence of flluorcsocnoc si^al alone, such controls rnay 
be important. In any event oefore any test based on this 
principle is ready for the clinic^ an assessment of fal$e 
posidve/false negadve rates will need to be obtained using 
a large number of known samples. 

In summarj , the inclusion in PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detca spccihc DNA ampUficacton from oucs^it 
the PGR tube. In the f uture^ instruments based upon this 
principle may faciHtate the more widespread use of PGR 
in api^cations that demwid the h%h throughput of 
samples. 

£X?£IUM[ENTAL PROTOOOI. 

Human HLA-DQn gtDte AmphBoUions ctmtainuig £tjBr, 
PGRs were set «p in 100 }xJl volumes conialning 10 mM Tris-KQ, 
pH 8.3; 50 mM KCl; 4 mM MgOz: units of taa DNA 
polymerase (Pterki<i*EJmcr Gcm.i. Nonnilk, CT>; 20 pniole each 
of humui KtA-DQa gene spcdfic d^onucleodde primers 
imtS and Cmi^^ and apprxMomately 10* copies of DQ^ PGR 
product diluted from a previous feaction. Ethidium bromlJe 
(EtBr; Sigtiv^ was used nt tbe oonceauntions indicated id Figorc 
2. Thcnnocyduig proceeded for 20 CVClcs in a model 4^ 
dicrmocydcr {l^erkm-Eliiker Ccvm* Nonmlk, Ct) usinfc a " 
cycic" program of for 2 mm. dcnaluiation and 6(rG for 
sec annc:£ng and 72*0 for 30 sec. extension. 

Y-chioiiB09fimc specific POEL PCRs (100 fd total reaction 
\^me) contaiaingt)^ y^mi Et3r were prcpan^ as described 
for HLA-DQa, except ymx diflcrcnt primers and target DNAs. 
These PCRi» cont^ticd I b pmok each male DN A-spcctJiC prtmeft» 
YI. ) and Vl.2^, aiid dither 60 ng male, 60 eg female, ^ mak. 
or no human DNA. Thennocydtng was^JKXJ lOT 1 min- and SO^C 
for I min using a "rtcp<ycle* pg yf ai u. The number ofcyctcs for 
a sampk were as inolcaied In f)gu<^ 3- fhiprcsGence measure- 
ment IS described below. 

Alick'^pccific^ human ^|;loMn ^cofi PGR^ AmpUficauons of 
100 p4 v^ume losing 0 5 iigAnl of ^iBr were prc^red a« 
described for HLA*I>Qft above except with diffcrcni pdmcrs 2nd 
target DNAs. These PCfo cotiiained eilW. prjmer pair HGFS/ 
Hgl4A (wiW-type globin speciac primers) or HOP2/il^l4S (skk- 
Ic'giobin specific primers) at 10 pmole «jach primer per PGR. 
Th(»ejMimcr5 iwc developed by Wu ct aL^^ Three different 
<ac£^ DNAit «vere titcd tn 9Cparate acnplifzcatiOnsr-^O ng eacb of 
human DNA that was ho m ozygous for the sitkk trait (3S), DNA 
that was heterozysoiut for the Stdde tratt <A$)» or DNA that wsu 



homO?^gOUS for me W.t- ^Obin (AA)- ThcrmocycBng frir SO 
cycles at MXZ for 1 min. and 55*C for 1 min. itfii»| 9 "atejMiyde" 
program. An anfleaHtkg temperature of 55X b»d been shown by 
Wo et al.^^ to provide aUetc-spcdlic amplifkation. Gomplcted 
PCRs were phmograohcd through a red litter O^ratien 23A} 
after placing the reaction tubes aiop a model TM*.56 trimfliHutJfti- 
nator (UV-products San Gabrid, CA>. 

Fhioreseence measnnHnctit. Fluoresoeuoc rocasurcraem-H were 
made^ oh PCRs contairUng Et»r in a Fluorolog»2 flUoromCter 
^PEX. Edison. NJ). Excitation was at the 500 wn band widi 
ahour 2 nm handwiddi with a GO nm cut^ filier jMeH<» 
Crist* Inc.* Irvine. CA) to exclude sccond-otder light. Erortted 
lighi was detected a« 5 VO nm with a baddwidd) of about 7 nm- An 
OG 530 pm cut-offjfiltcr was used to remove the excitation hgtst 
CondtKtouA ffaKMreflcence moaito«ing of FCR, Cottdnoonus 
monitoring olF a FCR in progress was aecom]^i«bed usinf the 
spectzofiuorometcr and setdngs descnbod above as well as a 
fibcToptic accessory (5fJ£X cat no. 1950) to both send cxatawm 
fight to, and receive emitted light from, a PCR placed in a wcU oj 
a model ^ ibcrmoqflder (Pcrkm-Elmer Cctus). The probe cr^ 
of the fiberoptic caWc was attached wiUi **5 n\m utc-cpoxy* to 
open top of a FCR tube (a 0.5 ml pol^ropykaic centrih^c tijbe 
with its cap removed) <eReaive1y ocahng ic The cxpcscd^tDP <rj 
ihjs FCiR tube and the cod of the fiberc^ cabk were sliieldcd 
IVom room light and the room lights were kept dimmed durmg 
each ru». The monitored PCR was an owpTmmdOn of y*a»iO' 
mosdme-spcdfic repeat sequences aa dcfjcribcd above, except 
using^.an anncaUng^ension ccrnperauirc of 50^. The rcaepoo 
was covered ivith mlp«r;J oil (2 oropo) to prcvctit cvaporaoon- 
Thermoqrcfing^and fiuoresocncc rocasuccmcnt were started si- 
multaneously. A time-biuc son with a lO scimnd inlegradoiy mnc 
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IMMUNO BIOLOGICAL LABOf^ATORIES 



3CD-14EUSA 



Trauma, Shock and Sepsis 




The CO-14 molecule Is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD -14 is a receptor for lipopolysacchaxkie 
(LPS) complexed to IPS-Binding-Protein (LBP). The 
concenirailon of Its solubie form is aftefed under 
certain pathological conditions. There- is evidence for 
an Important rate of sCD-14Avith polytrauma, sepa's. 
burnings and jnAammatfons. 
During septic conditions and acute infections ii seerns 
to be a prognostic mariner and is therefore of varfus In 
monbring these patients. 



IBL offers an EUSA for quantitative determination o{ 
soIuW© CDm4 in human serum, -piasme, cell-culture 
supernatants and other biological fluids. 
Assay features: 12x 8 determinations 

(mlcruiitBr strips), 
' precoated with a specific 

monoctona) antibody, 

2x1 hourinout>ation. 

st^idard range: 3-96 ng/ml 

detection limit: 1 ng/ml 

CV: mtra- and interessay < 8% 



for more information caH orfax. 



GeSELLSCHAFT fOR IMMUNGHEMIE UND -BIOLOGIE MBH 

OSTERSTRASSE 86 • D- 2000 HAMBURG 20 • GERMANY TEL. +40/491 00 61-64 - FAX +40 /40 11 98 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J, Ltvak, Susan J.A. Flood, Jeffrey Marm^rO/ William Giusti, and Karin Deetz 

Pcrkln-Dincr, Applit-d lito^^yMcms ViviUon, Hotter Uty. CaUfornia 94404 



: The S' iiucle«sft PCR m^%my d«t»ctc th« 
( ACCumuUtton t ikcclflc PCR producd 

< hy h/brldUaUon and cleavage of a 
double-labeled fluorogettlc probe 
during the ampliflcDtloii reaction. 
The prob« It an ollgonud«otide with 

' both a reporter fluorftscein dye ftftd a 
quencher dye attached. An Inmase 
In reporter fluorescence Intensity In- 
dicates thet the probe has hybridized 
to the target PCH product and hm% 

< been cleaved by the S* -^V nude- 
olytic activity of Taq DNA po Ijmerase. 
In this study^ probes with the 

' quencher dy« attached to an Internal 
nudeotlde were compared with 
probek with the quencher dy« at- 
ucfted tothe 3'-end nucleotide, in all 
' caicx, the reporter dye wa» attached 
' to the end. All Intact probes 
^ ihowed quenching of the reporter 
fluorescence. In general, probes with 
* the quencher dye attached to the 3'- 
end nudeotlde exhibited a larger sig. 
' flallntheS'nucleesePCRassay than 
the Internally labeled probes, it Is 
proposed that the larger signal b 
caused by Increased likelihood »f 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand di<rln9 PCR. Probes 
with the quendier dye attached , to 
the 3'*end nudaoUde also ejchlblted 
an Increase In reporter fluorescence 
Intensity when hybrldUed to a coni- 
plemoisiary strand. Tltusw oligonucle- 
otides with reporter and quencher 
dyes attadied at opposite ends can 
' be used as honifygeneous hybrldlza- 



r\ homogoooouft a!;x3y for detecting 
lliv Mixiairniliitiuii of specific HIR prod- 
uct that u$«.s a doublt-labulcd fltioro* 
gentc probe was de.scribcil by Lcc et al/^^ 
The assay exploits the S* • > 3' nucle- 
olytic activity of Taq UNA polyr 
intriaatf^"'-'"** and Is dk^ninicd Ih I'lgure 1. 
The fluorogenic pitjhn ^'ou^i^b of an qll- 
gonuclcolidi'^ wiUi ii reporter fluorescent 
dy<:, >u<.li fl^ H fluoiV^CClll, attached TO 
U»c S' i»n<J a qucjK'hcr dye, such as a 
rhodaniinc. .iitaclicd internally. When 
tliu tluoresceln Is cxclted by irradiation, 
lis nuuresceni ctnlislon will t>c 
quenched if the iljinlttiiiinc is ckism 
enough to bo excited through the pro- 
cess of fluoresce u:i* envr^jy translcr 
(I KD/^-'^^ Durhiis PCU, if the probe is hy^ 
hridi7x:d to a template ^tiaiiU, Taq DNA 
polymerase will deave tJic probe be- 
cause of its Inherent --w 3' nudeolytlc 
actlViiy. Jf the clf av^ge occurs btftwcen 
Die fluorescein and rhodatlllnc dyes, it 
causes an increase in fJucjicswiii fluorex- 
C(*nce intonslty because the fluorest':<5ni 
U uo longer qu«nct)cd. Tlic Increase? in 
fluorcsn.-elii fluorescence Imensiiy Indi- 
calirx lliul l)u< probe-speciflc PCR product 
lias ljin:n jjitneriiteU. Thus, PET betweo.n a 
iciniUcj dytr iintl » quencher dye is critl- 
cal to liic performance of tlir piubc iu 
llie 5* uucltrnic POn avsay. 

Quenching is completely^ dependent 
on th« ]>hyxicAl proximity of thv two 
dyes/'*' Qcxausc of thb, il lias iMmii as* 
s^imcd that the qu^nclicr dye mu»i be 
ull£ic)i€:d neai iht S' end. Sur|irislii}«ly, 
wtr have found thai attuciilng a rho- 
ddiiinit: dye at ihc 3' cud of a piolit: 



pen assay. i»uKhcrmore, cleavage of this 
type of pnihe is not rcquirec to achieve! 
some reduction In quenc2^1n^«.OIiK«>mi- 
clcotldcs with a reporter dye on tiie 5' 
end and a quencher dye on the 3' end 
exliibit a much higher reporter fluorcs* 
Cciicc when doiiDlc-strandcd as coin- 
pared with sinsle-scrondcd. l iii^ should 
make St passible to usu this type of dou- 
ble •lal>«lt;d prot>e for nomogeneous de- 
tection of nucieic acid hyimUization. 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 show$ the- nucleotide sequence 
of the olitfcmucJcotides used In this 
study. Linker arm nudeotlOt^ (LAN) 
phoaphoramidlie was obtained from 
GJen Research. The standard DNA plios- 
phorainiditcs, 6-carboxyfluorcscoin (6* 
FAM) phosphoranildite, (i -car boxy tet* 
raraethylrhodanilnc succinlmldy) csier 
(TAMRA NHS Cstcr), and Phosphalinl; 
for attaching a :v -blocking phosphate, 
were oDtained from Hcrkln-Elnier, Ap- 
plied hlo5ystem$ L)Svi»Jon. Oligonucle- 
otide synthesis was performed using an 
AB! model 354 DNA synthCSii^rr lAppiied 
Diosysiems). Primer and complement 
uUt^onudenndes were purlfica using 
Oltgu rufancatiort Cartridges (Applied 
Biosysteim)* liuuiilc-luiMtlml probes were 
»yiitholr.et.i with <i-ftAM» labeled ph05- 
phuitfififdiLt: al thtf A' «srul, JAN rvpiudn|; 
niMt 4jf theTs In the sequence, and l»ho$. 
phalink <it the 3' end, Followlag de- 
piutt%:tUin fliul rthiinoi prcdpttatlon, 
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Polymerization 



Prinwr 



3'" 



Ml 



Strand diGplaccmcnt 



Primar 



3** 



Cleavage 



-3' 
■5' 



3- 



-3' 
• 5' 



Polymerization completed 



3'- 



3* 



FiCUne 1 Diagram of 5' nuclease assay. Stepwise representation of ilie 5' -» 3' nudeulytic ac- 
tivity of Tct^ UNA poiymerase aainR on ii fluvrof;cnic pn>l»c UuriiiR oik' cxtcnalun plwsc of l't:K. 



niM Na-bicarl»onaic buffer (pH 9»0) ai 
room tcmpcr»»tuic, Unrcacicd dye >y«j 

iciuuvcj by pctdM^e ovci a TD-IO Scphil* 

dcx column. Finally, Ihc double-labeled 
prolK! wttji puriUcd by preparative HiRh- 
perfurmanccs ii(]uld chromat(>)$rapky 
(lim:) using an Aquaporc Ch 22<>x4.^- 
niBi column with 7-K.in particle sisc. The 
column WfiA devedoped with a ^^mJu 
linticir gradient of 6-20% acctoiiitfllir in 
0.) M TEAA (tricihyloniinv dcctatc). 
Vrob&s are named by designating itie se- 
quence from l ablc 1 and Uic posUloii of 
the UN-TAMRA moiety, Tor example, 
prolx; Al-7 haa sequence Al with fAN- 
TAMRAat nucleotide position 7 fron\ the 
.Vend. 



PCR Syai«fn> 

All l*CR aniplificaiions were performed 
in the Pctkin-Elrocr CcncAmp PCR Sys- 
tem 9600 ming SOpJ reactions lh«l con- 
tained 10 mw Ttl5-HCl ipU 5.3), 50 znM 
kCI, 200 |iM dA'lT, 200 >tM dCjr, 200 )iM 
dlTTP, 400 H,M dUTP, 0.5 unit of AinpCr- 
ase uracil N-glycosylase (Pcckln^Kmcr), 



gene (nucIcolldc3 2141-2435 in the xe* 
qucncc of Nahaliina-Illinta ci al.)^'^ was 
ampUfitrd using piitiier^ AI'P mid AJtP 
(Table 1), which are modified sh^htly 
from those of du Brcull cl al/**^ Actln am- 
pliflcotion reactions ct>ntplncd 4 mw 
MgC);,, 20 ng of human genomic JiNA^ 
SO nM Al or A3 probe, and 300 dm «ftch 



TABLE 1 Scqucncca of Ot^oauclcoiidcs 



primer. The thermal xe^lmen was SCC! 
<2 min), 9.<i-C (10 min), AO cycles of 9S^C, 
(20 aec)^ 60^C (1 mln). and hold at 7ZK, 
A A15-Dp se{jnii;ni was atiipilflcd from a 
plasmld that conalKia ol a segment ol X 
DNA (nuclcotldca 32i2PXV-3?.,747) in- 
serted in th« Sinai sittt ol VQCtor pUCl 19. 
'ni«^se n^Mftloiis t:uiitttltit:d ^{..S iijm 
Mj;(;i;j, 1 ng of plusinld DNA, SO riM ?2 or 
P5 probe, 200 nw pfimcr PU9< aiid 200 
<iM pilmci R119. 'Vhc ihcrmal icj^imcn 
was 50*C (2 mln), S>5X (10 mln), 25 ^y- 
clc> Of 9yC (20 3cc), 57*0 (1 mln), nnd 
hold at 72<'C 



For c»ch ampllficaUon rcaeiton, a 40>fU 
aliquot oi a sample was transferred to an 
individual well of a white, 9<Lw<dl micro* 
tlt«r plntt (Perkin-lllmer). Fluortscence 
waa measured on tJio Perkln-£iincr Taq- 
Man Lii-SOU System, which coniclsts of a 
lutt^lncsconco «|Xic1romo<&r wUh plaie 
reader ax,s<«mbly^ a 4B5-nm excitation flU . 
ter, and a Slii-nm emisitton filler. Excha» 
Hon wa.\ at 48ft rim tis(n|> a h-nm silt 
Width. Enitsslon was measurtd at 518 

nm for 6-1-AM (the. roporlcf Or TK value) 
and .^R2 nm for I'AMIU (the quencher or 
Q value) using a lO-nm slit width. To 
determine the IniLicaM: hi iv|Hiitei unils- 
»lini (hat h cuu»cd (ly dvava^e of the 
probe during PCK, three normaUrjitlona 
axe applied to llie raw emLvNiou data, 
l-'irst, emission Uitcnsliy of a buffei blflnk 
is subtracted for eacli Wavcleiijjih. Sec- 
ond, emission Intensity of the. reporter Is 



Nai»e 


iyj)e 


.Staqueiiev! 


PIX9 


prlincr 


ACCX:ACA<5<5AACTCATCAtX;ACrC 




prlmcT 


AiTnxxicarrccxKJcrGAcxnTci f ;c 


pa 


probe 


rcccArxACl'OAixx*-nx:ctAAccACTp 


P2c: 


. coinplcmcnl 


CTAcrGcrrrcccAACx;ATCA<yrAATGCfiA'i<J 


I»S 


probe 


COOAlTrGClXjU-rATCrATaACAACCATii 


rsc 


cumplmiiifnt 


nrw^TCXHTCTCATACATACClAOCAAAl-CCC 


AKP 


primer 


TCACXXZACACTGTGCCCATCTACGA 


ARP 


primer 


C:AqCX*UAAt:t;CiCTCAITOCC'.AATC(i 


Al 


pmljc 


AjpCCCi<XXXX>Vl<5CCAlCCiX>C0T>; 


Air. 


comp]«in«fs( 


A<:Atx:t:A(;t;A')xx:(:A'ix;c;c;c:r;At:(U!(U'rAC 


A3 


ptOt)c 


CGCXXn:CCACrrCCA0CAA0A0A2i. 


A3r 


conipltruieut 


CrATrTCrrnCTCOAAGTCCAGGGCGAC 



Tor each ollf;onucieutide used In Uils study, tlie nucleic add sc({uence Is given, writtvn in the 
» 3' diryctiozi. Tbeie are three typo of oli(;unuclcotides: PCR piimer. fluorogenJc probe u^cxl 
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A1-2 JlAQt3f:C;frj'C.*rrrx-jv'rcu:XA7CcaxX'C:TM 

Al-T »ATCCCCOCCWCATCAX.'A'lXX."lt.a.«irii. 





Gia 


nm 


682 nm 






AM 




















2« 6 iL 2.1 


92.7* 1,0 


It a.o 


38J9 4 2.0 


O.C7 * 0.01 


o.eo i 0.00 




Ai»r 


B3.0 1 4.3 


30S.1 at 21.4 


108.8 If 64 












127.0 


403.3 !»• Id. 1 


100.71 &.3 


03.1 i 


1.1610.03 


4.M10.1S 


3.18^0.15 




187.;;* 17.9 


ISW.Trf 7.7 


70.3 ^ 7.^ 


79.0 « 9.0 


3.67 J O.06 


6.Q0iO.t6 


9.43 a 0.16 




224.G i 0^ 




100.0 ±4.0 




&.2SX0.03 


5.02 ±0.11 


e.77 10.12 


A1-2e 


160^ J 


464.1 1 













fiCURC 2 Rv»uHs of 5* uuclvavc »4>ifi|>aaii^ ^a^ilit |»M»bes if 1th TAMRA At di^^rmt nuc1« 
o(lil« |H>$uions. As dfiscrllKid In Materials and Methods. vc'M NmplSftcai lon^ containing ihc tn- 
dicaied pzobes wvr« peifoimed, and the fiuiirMvciicc emission was in«iBur«<l 518 and 582 nm. 
deported vhIuo anr the averages 1 .f.D> for six reactiom nin wjthuut addod tcmpkte (no temp.) 
and six reactions run witti template ( i tcnip,). *X\w RQ ratio was calonlated for each individual 
reaction and avcTagcd to give Uic reported rQ' and MO^ valuta. 



OiviUrd by the emtsston liiwiisiLty uf (hr 
quencher to give an RQ ratio for cotij 
rcaciioii lube. Tlil$ normalises for wcll- 
w-well varUtions in probe rnn centra- 
Hon and nuorescence nicasurcment. VU 
' nally, ARQ is caicuiaied t>y .suhtractlnj; 
mc kQ value oi the no-cempldte txmiro) 
IRQ") from the HQ v;iluti ivn liic com- 
pleic rcaoion induutng template 
(RQ'). 

RESULTS 

A sencs of protYcs with increasing dis- 
laaces Detween the nuDre.icctii rcptinci 
and rhodoininc quencher were tCJftvd to 
investigate the minimum and maximum 
spacing that wauKi give an acceprahle 
performance in the 5' nuclease I'CK as- 
wy. Tnese pn?bes hybridize to a target 



.sequence in llic human p ectin gr.nr.. 
]%wc Z shows the results of «n experi- 
ment ill which these probes were In- 
cluded in PCR thai amplifled a segment 
of tlic ^'iulln g<iiiK u>nlalnlng the laigcl 
Sequence.. IVih;iiiiauec In the S' au- 
ciease I*CR as^^y is nioriitorcU \jy the 
m<i^;nh»idc of AKQ, which b o measure 
of the tncreaie In reporter Hwrenvjiw 
u}u:ied by PGR amplification oi the 
probe target* HroljeAl-Zliav a ^RQvalutr 
that is close to r.ero, indicating thai the 
j^fobc was not cleaved appreciably itur- 
tng the axnphfRatkuii nsiieiion. Tliiis &ug- 
Kota that with the qucn<phcr dye on tlie 
seijuiid nucleotide frnm ihti ^' end, tltere 
i^ lusuffident KHini fCM Tii^ I'lolymcrasc 
to victtvc ciliUently between the reporter 
<ind ijuciidiei. The other five probc-i ex- 
hibited compurabJv AK<i values Uwl ate 



clearly different from zero, 'rhw, all five 
protKTs arr hcfr>g cUtavrd dwrinR I'<*:1< am- 
]ftJf]catluii louiting iu u 5iniilar inaraNt; 

in fCpOl-tCi* nuUIOCCJIWC. It NhOUlU UfT 

noted that complete digc-Mion of a probe . 
produces a much larger increase m re- 
porter fluorescence Uian that observed 
in Figure 2 (data not shown). Tltiu, even 
in reactions where aajplifniatJon occur.N, 
the. majority of probe molocules reinulii 
uadcaved. li Is mainly for this reason 
that the fluorescence Intensity of the 
quencher dye TAMJIA changes Hlilc with 
ampllflcatlon nf ihc targfj. This ].s what 
allows us to use the 5fi2*nn> fluorcscc.nw. 
reading 9S a normaUacatton facti^r. 

The TTtagnihid** of RQ* d^pi^nds 
mainly on the quenching efficiency in- 
herttnr in rhe ^pt:citic .stnicture ol the 
probe and the purity of tlie oh^oimclt' 
otide. llius, the larger UQ" values Indi- 
cate that probes Al'l4, A.J-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with Al-7, Still, the degree 
of quenching is sufficient to detect a 
htghly .^ignificrant IntTcosK^ In reporter 
fluorescence when cacli of these probes 
ia deaved during TCR. 

Tn further Investigate the ability of 
TAMkA on the 3' end to quench <5.PAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCR assay. Vot each pair, one pfobc has 
TAMRA attached to an internal nuele- 
iilUle and Uie uthei lia.s TAlvfRA alUchcd 
to the 3' end nucleotide. The fcsuUa arc 
shown la 'I'ablc S^. yor all th»x:c sets the 
probe v/ith the 3' quencher exhibits u 
vaiuc that b considerably Jti^lici 
ilian for the probe with the Iniemal 
quencher. The WQ* values suggest tKnt 
differences In quenching arc not as j^rruit 
as those observed with some of tlie Al 
probes. These results demonstrate that a 
quencher dye on the 3' end of an oligo- 
nucleotide, can quench efficiently the 



TABLE 2 Kesults of Nuclease Assay Comparing I'robc^s wllli TAMRA Attached to an Internal or 3'-tern)inal Nudcotidc 



&18 nm 



582 nm 



Probe 


no temp. 


+ temp- 


1K> temp. 


^ icmp. 


UQ 




AKU. 


A3.6 
A3-24 


54.6 3- 3,2 
It.X ± 2.9 


84.8 z :\:7 
236^ :u 11.1 


116.2:1 6.4 
84.i * 4.0 


n!i.6 
90.2 u. 3.8 


0.47 0.02 
0.86 '± 0.02 


0.73 1 0,03 
2*62 £ 0.05 


U.20 ± 0.04 
1.76 ±. 0,05 




82.8 3. 4.4 
113.4 2:6.6 


384.0 ± 34.1 
5^S5.4 ± 14-1 


1U!^J JL 0.4 

140J t 8.3 


120.4 =r 10.2 
118.7 2:4.8 


0.79 1 0,02 
agl ± 0-01 


.•^.19 * ai6 

4.68 ± 0.10 


2.40 O.K. 
3.88 r 0.10 


I'5-IO 

rs-2« 


77.5 ± 6-5 
MX^ 1. 5.2 


244.4 2, 15.9 
333,6 ± 12.1 


86.7 ± 4.3 
1(X}.6 ± 6.) 


95.6 6.7 

94.7 2 6.3 


0.89 a 0X15 
0.63 ± 0.02 


2.S5 ?. 0.06 
3.53 ^ 0.12 


h66 £ U.08 
2.89 i 0.13 



ihe 
ied 
tiic 
stl. 



Bfiri riiii-iitAiions werr ucrformed as described In M«it:rIol »i»ti Meiltods and in the legend to Hig. i 
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fluc>Tfsri»nrr of a r**prtrt<^r t\yc on the i»' 
ci\il. T\w dvgrue of quenching U suffi* 
cieiiL fur Wm type of oligonucleotide to 
be used AS a pr6bd in the 5' nuclease PCR 
assay. 

To test the hypothesis that quenching 
by a TAMRA depends on the flcTdbility 
Of tjiG <))i({onuclootldo, fluorescence was 
mcaiiuiOi) kit i^rubc-s in thc Single- 
siMAdcsd find Ouubk' slrandi'.d st^itCS, Tft- 

at SIH and S52 nm. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio, l^or probes with TAMRA 
MO nucleotides from thc S' enU, there 
Is little difforcnco in the RQ values when 
annparing slngle^slrandttd with double- 
Stcaudcil oligonucleotides. I'he results 
for prohcjs with TAMRA ^{ the 3' vnd are 
much different. For these probes, hy- 
bridization to a complementary strand 
onuses a dramaUc Increase in UQ. We 
propose that this loss of quenching is 
caused by thc rigid structure of double- 
Stranded !>NA, Which prevents thc 5' 
and 3' ends from bclnj^ in proximity. 

When TAMRA is placed toward thc 3* 
end, there is a marked Mg* * effect on 
quenchinR, Figure 3 sihows a plot of ob- 
scn'ed RQ values for the A) series of 
probes as a function of Mu*"* concentra- 
tion. With TAMRA attached ncur the 5' 
end (prohe Al-2 or Al-7), the Uti value at 
0 niM Mg^" is only Sllghlly higher than 
RQ at 10 ittM Mg^'. Poj probes Aia9, 
Al-22. and Al-26, the RQ values at 0 mM 
Mg*"* are very hj^lt Indicating a much 



raduccd quenchini; efficiency. For each 
of these probes, lhtti« h M marked de- 
crcosc in HQ at 1 jhm Mg' * fcilhiwcd by 
u gradual decline as thc Mg^ ' l\juccii- 
truiton increases to 10 mM, Piubc A1-14 
shows on inicrmcdlate RQ value at 0 mM 
Ms^** with gradual decline a\ hlglicr 
Mr'' '' concetiiittiluii:!. In a low-saU en- 
vinjnmcnt wUh no M^^ present, a sln- 
gle-Mmndcd on^onucUtotlOc would be 
expected to adopt (UJ vAtrnUctl confor- 
mation because of CivctnwiatiC repul- 
sion. The binding of Mg** ions acts lo 
sliield the negaUve diarge ot the phos- 
phate, backbone so that the oilgonucie.- 
otlde can adopt conformations where 
the :V end is close to the 5' end. There- 
fore, the observed Mg^ ' effects support 
the notion that quenching o\ a 5' ie» 
poMcr dye by TAMRA at ur near thc 3' 
end depends on the flexibility of the oll- 
gonucleoride. 

DISCUSSION 

The striking finding of this study is that 
it $eems tl\e riiodaniine dye TAMRA, 
placed at any posilion in an oligonucle- 
otide, can quench thc fluorescent emis- 
sion of a fluorc^scein (6-rAM) placed at 
the 5' end. Tl^ls Implies thai a siMj^K- 
strandcd, double-labcled oli^'onucle- 
otide must bp able to adopt confonna- 
tions wherti the PAMRA is dose to the 5' 
end. U should lje noted that Uie decray of 
6-l'AM In tiic excited state requires a cer- 
tain Amount of time. Ilicrefore, what 



Imattem for quciiclihi^ is uoi the average 
distance between 6'I-am and 7AMRA 
but, rather, how close 1 AMKA can get lo 
6*hAM during die lifenme Of Ihc 6-FAM 
excited state. As loa^ «s the decay tlmu of 
the excited state \^ relatively long cvin- 
pare:0 With Uie moleatlar motions of the 
oligonucleotide, quenching can occur, 
llius, we propose that TAMRA at thc y 
end, or any other position, can quench 
6-FAM at the 6' end because TAMRA is In 
proximity to (i«KAM often enough lo be 
able to accept energy transfer from an 
excited 6»FAM. 

Details of the fiuoiescence measure- 
ments remain puzzling. F(7r example, Ta- 
bic 3 shows that liybridization of piobes 
Ai-26, A3-24, and F5-28 to their comple- 
mentary strands not only causes a large 
increase in 6-FAM fluowsccnce at Slfi 
inn but also causes a modest increase in 
TAMRA fluoresccna* at S82 nm. U 
TAMHA Is being excited t)y energy trans- 
fer from quenched 6-l*'AM, then loss of 
quenching attributable to hybridization 
should r^usc a deaesxe in the fluorcv 
cence emission of TAMRA. thc faa that 
the fhroxcsccncc emission of TAMRA In- 
creases Indicates tliat the situation Ls 
more complex. For example, we have an« 
ecdoial evidence tliar the bases of The 
ollgonucleoiide, especially (.J, (luench 
the fluorescence of both 0-FAM and 
TAMRA to some degree. When double' 
stranded, base-pairing may rc^duce thc 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6-FAM in an intact pcobe is the TAMRA 
dye. Evidence for the Important* of 
TAMRA J5 that 6 FAM fluuHTtcence 
remains rclftUvcly uricl)angcd >vhc» 
prol)trs label V.U only with 6-FAM are uscU 
In liic 5' nucleus c rCR assay (data net 
Shown). Sec^mdflry effectors of fluorev 
ccnce, both before and afiei cleavage of 
the probe, need to he explored further. 

Regardless of tlie physical mcciia* 
ntsm, The relative Independence of posi- 
tion and quenching greatly simplifies 
the design of prober for the S' nuclease 
PCR assay. There are three main factors 
that determine thc performance of a 
double-labeled fluorescent probe In iJic 
!>* nuclease 1>CR ossayi The first factor Is 
the degree of quenching obxervcd In the 
intaa probe. Tliij Is characterized by the 
vahie of RQ , which Is the ratio of re- 
porter to quencher fluorescent cmis 



TABtC ^ Comparison o/ PIuni'Mc^iKc Bi»i>»iu£is of ^»ioJ;U•-»strandecl and 
Double-»iriinde.d Fluorogenk ]Pidlle^ 



Siy nm nm RQ 



Proltr 


«9 


d.% 




ds 


SS 


<1S 


At-7 


27.75 




61.0g 


13A.1A 


0.45 


0..50 


A 1*26 


43.31 




53.50 


93.86 


0.81 


5.43 




16.75 




39.33 


I6.S.57 


0.43 


0,3» 


A.V24 


90.05 


57g.64. 


67.77. 


140.25 


0.45 


3.21 


rz? 


35.02 


70.1.1 




121.09 


0,64 


0.58 


1*2-27 


30,ft9 


.^47 




61.13 


0.61 


S.25 


l*S-10 


27.:}4 


144.B5 


01.»5 


16.5.54 


0.44 


U.H7 




33.^5 


462.29 


74,a9 


I04.«l 


0.46 





(ss) single stranded. The fluorescence emissions at 538 or 582 nm for solutinn.s rontalnlng a final 
conccmratlon of .SO nM Jndlcale^l prol>e, lo inM rris-MCI (pH (^,3), 50 dim Ka. and 10 jiim MgCl^^ 
(ds) Dcmhle-strandpd. ilifl xotutlons contained, in addilion, 100 iiM AlC for prcibrs Ah 7 and 
A)-Z6. 100 lui A3C for probes A3-6 and A3-24. 100 nM l*2t: for pmlK's 1*2-7 and J*2-77. or 100 nM 
rSC fur probtm and i*5-2H. licforc inc a<}dmon Of MjT^'lvi J 20 id Of eaclj ituinpte wa» Heated 
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FIGURE 3 Kff^ei 6f Mg'''* 66fiCAntrUton An RQ ratl6 for the Al series of probes, llie fluoresceTHxr 
emission Intensity at S18 and 582 nm wa^ mcasuml for snlutfims conutning SO am probe, 10 niM 
Trls-HU (pH 63), 50 mM KCI* ftnd varying amounts (0-10 mu) of MsClj. 17ie olculatccl UQ 
/alios nm intensity divided hy SIU nm inioiLsiljf) an- pUitUul vs. MgCl^ concentration (mM 

Mk)« 'Hic: Kc7 (upjmt li^hi^ 3t,Utt\y> lliv |iitjtn» vauiuUimL 




dye.^ used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context cffcda, presence of alfuclurc or 
Dlhei facLuiS lliat induce nexlbillly uf 
ihe oilgonucleoLide, and pudly of tlie 
probe. The scx^nd f^ictor \\ the cffidcnry 
tif hyhiidi£4UoU| which deptrnd.s on 
probe r^j, presence of secondary MruC* 
lurc in probe or template, annealing 
temperature, and other reaction condi- 
tions. TbQ third foctor Is the efficiency at 
which Taq DMA pulymerdsc dcavcs the 
, bound probe between the reporter and 
quencher dyes. This cleavage Is depen- 
JciU on ^emuencc ccimplcmcnlarlty be- 
tween pTobe and template as shown by 
Uie obseivatiou Uiat mismatches in the 
fiegfneni between reporter and quencher 
dyes drasticdUy nrduix' lUe dcavaf^c 

Hie rise in HQ' values for the Al se* 
TICS of probes seems to indicate that iJic 
degree of quenching t:; rt:dticco sonic- 
what as the quenchisr \s placed toward 
the si' end 'ihe lowest apparent quench* 
ing Is observed for probe Al-19 (sect Fig. 
3) rather than for the probe where the 
TAMRA Is at the :v end (Ai-Zb). rhis ik 
•understandable^ as the coaformation of 
the 3' end position would be expected to 
be less restricted than the coniormatioTi 
of an ittlernal position. U\ effet:t, a 
queiichcr at the 3' end Is freer to adopt 
conformations dose to the reporter 
dye than . is an intenidlly placetJ 



prol>es, t)ie interpretation of ftCt values 
is less clettr<ut. The A3 prol>es show the 
same trend as Al, with the 3' TAMRA 
piobc having; a laiger RQ than lliv in- 
lernal TAMRA probe, l-or the V2 pail, 
lx>lh pr<»br.5 have abmal the same UQ" 
value. Poi the PS probes, the RQ for ihc 
y probe, is less than f^r the iniemaUy 
labeled probe. Another factor that may 

explain some of thcobcicrvetl variation is 
thai purity offccta thr RQ" value. Al- 
ihuti^li iinjbcs arc HIi.C puilfitrdj a 
small amount nf contanoinatton with 
unqtienchcd reporter cun have a large ef- 
fect on RQ . 

Althiiu^li Ujcrc may be b modesl ef- 

feci on decree of quenching, the posi- 
tion of the quaicher api>arc/»lly kjiu 
have a large effect on the efficiency of 
pi'olK- cleavage, llic most drastic effect is 
observed with prtihe A 1-2, where place* 
ment of the TAMRA on the second nu- 
vleulide i«du».es ihc efficiency of cleav- 
age to almost zero. For the A.'^, VZ, and PS 
probes, ARQ Is much ^;re-;iter for the 3' 
TAMKA prohe-s a.s compared with the. in- 
ttirnal TAMKA prober. This Is explained 
most easily by assuming tlml piobes 
with TAMRA at the 3' end are more likely 
to be cleaved between ici>oiiej and 
quencher than are probes with TAMRA 
auached intenially, Vor the Al probes, 
the tieavagc efficiency of probe Al-7 
mtist already he quite high, a.s ARQ docs 
not incrtiasc when the quencher is 
n}fir«Hi riAw tn thn V end. This illus- 



trates the importance nf being able tn 
use probes with a qufeochor on tlio 'V 
end in the S' nuclcjisc pen away. In this 
ftssayi fin increase Jn the intensity of re- 
porter fluorescence is ohserx-ed ^)nly 
when the probe is cleaved bclwan i)jc 
reporter and qucnclicr dyes. By placinff 
llic lupoj'lur uiiU queiichet dyv& un the 
opposite «ndii of an oligonucleotide 
probe, any cleavage that occurs will be 
dcteacd. Wlien t!se quencher is uituelied 
lu un buurnul riudi«utlde, (toinelhnos thu 
pcubt: wurk> well (A 1-7) ttfid olhirr tltiica 
not so well (A3.6), Tl>e relatively poor 
performance of probe A3-6 presumably 
means tl\c probe U being cleaved 3' to 
the quencher rnthor than between Llic 
Tv^pnrtpf and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR pft/d- 
uct in the 5' nuclease 1*c:k assay is to use 
a probe with the reporter ond quonclicr 
tJyOii un opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit In 
terms of hybridly.ation efficiency. 'Ilic 
presence of a quencher attached to an 
Internal nucleotide xni^lii be expected iv 
dUru^jt biisc-jiairin^ and nrduce the T^, 
of a probe, in fad, a I'^iUTC ntiKu tkin 
In hill been obscjvcd for I wo piobcs 
with iuLeiiidUy iiUadicd TAMRAn.'**^ 11 115; 
disruptive effect would be minimired by 
placing the quencher at the 3' end. Thus, 
probe^i with 3' quenchers might exhibit 
nli^tly htf;he.r hybridiration efficiencies 
llmii piolie.s wiUi IfiieriidJ L|ucndieix 

The combination of increased cleav. 
age and hybridisation efficiencies mean.^ 
that prol>e3 with 3* quenchers probably 
will be more lokcanl of n\ismatchcs be* 
twecn probe ond xnigtt as compared 
willi inlcrnaUy labeled probes. Tills tol- 
erance of mismatches can be odvnnto- 
geous, as when trying to use a Mnglc 
probe to detect PCH-amplificd prr>ducts 
from h^iiiplt7» uf diffcienl .^pecics. Also, it 
mean's that cleavage of probe duri nj; I'CU 
Is less SCTlslHvr tti alteraticnih in ai\* 

neallng temperature «r other reaetlon 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic diserimlnotlon. I^c 
ct al/'* demonslraiod that aliele-speclflc 
probes were cleaved between reporter 
and quencher only when hybridized lo a 
perfectly complementary target- Thi.« al- 
lowed them to distinguish tlie normal 
human cystic flbrosi.^ allele from the 
^SOS mutant. Thdr probes had TAMRA 
attached to the seventh nucleotide from 
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FIGURE 3 Kffcct Of Mg® ' conwmratlim Oil RQ raiio Jot the Al JcrlCB of probes. nuoreKcwiicii 
emu&lun intensity al 51 8 and 582 nm was mcasural for solulloriA containing SO i\m piobc, 10 ttjm 
Trj»-lia,(pM 8.3), 5t> niM and varying amounts (0 10 mM) of M«a;^. The calculated RO 
r»«<»s (51 « nm Intensity dlvldwl by 5«z nni Intensity) arc plotted vs. MgQ^ conccntwtioii (itiM 
Mk). T^c key (upper il^ht) &hOWS the probes examined. 



dyes used, spat-ing between reporter and 
quenchCT Oytts, nudeoUdc sequence 
context effects, presence ot strueiure or 
other faaors that reduce flcxibilicy of 
the oligonucleotide, and purity of the 
probe. The second factor U tUC efficiency 
Of hyt>ri(ll7.aaon, which depends on 
probe T^, presence oi secondary struc- 
ture tn probt; or template, annealing 
temperature, and other reaction condi- 
tions. The third laaor is the efficiency at 
which 7*09 DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween prolju and template as shown by 
the observation that mlsmatcho-S in the 
segment between reporter and quencher 
dyes drastically reduce Uie cleavage of 
prohe/*^ 

'the rise in RQ values for the Al S(»- 
ries of probes seems to Indicate that the 
degree of qiienchitig Is reduced some, 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe Al-19 (sec Fig. 
3) lathcr than for the probe where the 
TAMRA is at the 3' end (Al«2ti). This is 
•undcrstancUthlc, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quendier at the 3' end is freer to adopt 
conformations close to the S' reporter 
dye than. Is an Internally placed 
quencher. For the other three sets of 



prubejj, the iiiteriiretaUon of RQ' values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ"' Hnin the in- 
icrnal TAMRA probe. For the P2 paU, 
both pit)bcs liave about the same RQ 
value. For the P5 probes, the RQ' for the 
3* probe b less tlian iw Uic uUcinally 
labeled probe. Another factor that may 
explain some of the observetB variation Is 
that purliy affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenchcd reporter can have a large eU 
feci on RQ . 

Although Iheie mdy bc a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed With probe Al-2, where place- 
ment of the TAMRA on the second nu* 
c)ex)tlde reduces the efficiency of cleav- 
age to almost zero. 3'or the A3, ?2, and PS 
probt», ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
temal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to bc cleaved between reporter and 
quencher tlian are probes with TAMRA 
attached internally, Por the Al prol>es, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARCidoes 
not Increase wbcn the quencher is 
placed closer to the 3' end. This Ulus- 



tta(C£ the importance of bein^j a)>le It) 
use probes with a quencher on the 3' 
end in the S' nuclease I'CR assoy. la I his 
assay, an tncreaitc in the intensity of 
porter fluorescence U ohiserved only 
when the probe is cleaved between the 
re|HirtcT and quencher dyes. Ry pludnj^ 
tho reporter and quencher dyen on the 
oppofiUc ends of an ollgciuuclcotide 
jrixib«!, any cleawujit* that ckwh; will Iw 
detected. V/hen rhe quencher \k attached 
to ;in liitcnual nutilootiOc, ^vntcthtutc ihc 
probe worl« well and ftlhc.r times 

not well <A3-(i). 11)c relatively i>oor 
porformanco of prol>e A3-6 presumably 
means the probe is beltiK cleaved 3' to 
the. quencher rothcr thnn between the 
reporter and quoncher. 'iherefore, the 
t>est chance of having a probe that reli- 
ably detects accuiiiulHtion of PCR prod- 
uct in the S' nuclcaius P(Ut assay is to use 
a probe with the leporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the T 
end moy also provide a slight benefit In 
term.t o* hybridization cfilclcncy. 'Ilie 
presence of a quencher attached to an 
inlerual nuckulidc lUl^^lU be expected to 
disrupt base-pairing and reduce the 7,^ 
of a probe. In fact a 2*C-3'C reduction 

ill has been observed for (wo probes 
with intcri^ally attached TAMRA.'i/^^ This 
dl.wptive effect would be minimized by 
placing the quencher at the 3' end. Thus, 
probes with 3' quaichers might vMUX 
Klightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of inaeased cleav- 
age and hybridization efficiencies means 
that probes witlt 3' quenchers probably 
will be more toleiant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This toL 
erancc of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-ampIified products 
from samples of different species. Also, it 
meanii that cleavage of probe during PGR 
is less .sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. Tlic one application where 
tolerance of mismatches may be a dlsad- 
vanthfic is for allelic discrimination. Ue 
et aJ/^^ demtmsuaicd that allclc-speclfic 
probes were cleaved bttwcen reporter 
and quencher only wlien hybridized to a 
p^TfecUy complementary target. This aU 
lowed them to disUngulsh the normal 
human cystic fibrosis allele from the 
APS08 mutant. Their proba^i had TAMRA 
attached to the seventh nucleotide from 
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UiM 5' end and w<»r<j d<»ipl(fncd so thai any 
mlsiimtches vrcrc between the reporter 
ai\d f^ucncher. lncr«Mulng the distance 
b<itwacin raporter and <|uctncUi«r wcmid 
.lessen dhrupUvv irffwl of inb- 
matchcs and allow cleavaj;« of the probe 
on the inconcct target. Thui:, probes 
wUh a quencher dttdchcd to an intcmul 

nud«!pHcU« may still be x\tQ(a\ for allelic 
dixrrlmJoatlon. 

In Ihls study loa* of quenching upon 
hybridUutlon wojj used to J how that 
quenching by a 3' TAMRA Im dcfHindcnt 
oil the IlcxlUUty ut a sinxle«scranded Oli- 
Sonudeotld<i. The Increase in reporter 
lluorcAceitcc hitviisity, though, could 
kho be uied to determine whether liy. 
brmizatioii has ocairrcid or nor. Thus. 
oligOQudcoUdcs with reporter and 
quencher dyet atUchcd ot oppoaUc ends 
should also be useful as hybridization 
probes. The ability to delect hybrldLcA- 
tlon in real tinie means thai ilicsc prubus 
could be used to measure hybridization 
Kinetics. Alsc^, this type of probe could be 
used to develop homogtneous hyhrlil- 
i^'ation P93ay3 for diagnostics or other ap- 
plications. Bagwell Ct al,^^®^ descTibe just 
(Ills type of homogeneous assay where 

hybridization of n probe causr2( un In- 

CToase In fluorescence caujicd by a I033 of 
quenching. However, they utilized a 
complex probe design Utat requlrti) add- 
ing: nuclcotlilcs to both end3 of the 
probe «equtfnc«» to form two Imperfect 
hair()iiis. ITie results presented here 
deiiiuii>ir<jit.' that the Mmplc adOUlon of 
a rcponcr dye tt> one end of an oUgonu* 
clcotide and a (jucncher dye 10 the oUiui 
ond generates a fluoro^onlc probe that 
r^in detect h)'bHdl2ati»n or I'CU atnplifl- 
CHtion. 
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Mickey Williams^ 

^BioAnalytical lechnology DepoUmeni, Ccnentcch, Inc., South Sjrn Francisco, Cafifornia 94080: 
^Applied UioSysienis Diviwon of Perkln CUti«f Coip,, Foitft* City, C-alifornia 94404 



Wc have developed a novel "real tlm^" quamUailvc PGR mcUiod. The method meacurw PGR prccJiin 
accumuUdon through a duaMabdtd nuorogenlc probe (Lc, TaqMan Prob^). This mothorf provdcs v«ry 
accurate anci reprodudble ciiiantUation of gene copies. Unlike other quanlilallve fCR mcihods, rcaMime PCR 
does nor require pofl^PCR sample handling, prevenilng poteniial PGR product carryover contamhiation and 
resulting In much fasier and higher rhroughpiit assays. The reaMlmo PGR method has a very Luge dynamic 
range of starting rarfiet moJecule deiermlnailon (at lea^i five orders of magnitude), Reaklme auaniUarlvc 
PGR i> vxiremcly accurate and less labor-intensive than airrent quantitative PGR methods. 



Quantitative mideic acid sequence analysis lias 
had nn iinporlnnt nile in niciny fields of biologi- 
cal research. Mcasuiemeiii of geuf. expression 
(RNA) has b««T^ used cxtonsivcly In monitoring 
biological rcspons<?s in various stimuli Clan et al. 
1994; Huaiift ci al. 199Sa,b; Pfud'hommc et al 
1995). Quaniiiatlvc gen<f analysis pNA) has 
bt-cn u5cU to tU-.icroihie the gcntJiiie ^uantUy of » 
jiartiailar gene, as in the case of tlic humati H}iR2 
gene, which is amplifiexi in -SO^Mi of breast tu- 
mors (Slamon ct al. 1987). CJcnc ond genome 
quantitation .pNA and IWA) also have l>ccn used 
for analysis of human immunodencicncy virus 
(iUV) burden dcmonst rating changes in the lev- 
els of vl rm tluoughoui the differenl phases of the 
disease (Connor al. 1993; PlHtak el al, jvy;$h; 
1-uTtado el al. 1^95), 

Many methods havt! been dcsCTn>cd for tin: 
quantitative analysis ot nucleic acid s^^jucnces 
O^oih for RNA and DNA; South<?Tii 1 V/6; Sharp ci 
al. 19KQ; Thoind:^ 19«0). Recently, PCK has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. I'CR and reverse transcrip- 
tHse (K O-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (os 
little as one cell equivalent). This has made ]>os- 
sihlc many experimcnis that could not have been 
performed with traditional methods. Although 
PGR has provided a ix>wcrful tool, it is imperative 



that U he u:>cU properly for quonUtution (U»«y- 
maekers 1995). Many early rcjxirls of quantita- 
tive PCR and RT-PCK described cjuantUotion of 
ihe rcn tjfoduct hut did not measure the Initial 
largel st^^iucnco quantity, it is essential to design 
pK>i>cr controls for the quaniitalion of the initial 
target sequences (Hcrrc 1992; Clemenll ci al, 
100?.) 

Kcs*:iu<:hcrs have developed several metbods 
of quantitative I'CIR and KT-PCR. One approach 
measures l*CK product quantity in the log phase 
of the rewalon before the plateau (Kellogg* et al. 
1990; Vang ct a), IWO). This method requires 
ihM each san»plc has equal Input amounts of 
nucleic- add and that each aomplc under analysis 
amplifies with Kienl ic^l efficiency up to the f^oint 
of quauiilalivc analysis. A gene sequence (enn- 
taineU hi wH samples at Ttflativcly constant quan- 
til'ivrs, such ajj p-aclln) on be us<jd for samjilR 
utiiphTication «meicncy n<irraalizati<"K Using 
Lonventioiial methods of PC:u dctertion and 
quantitation (gd clct^trophorcsis or plaio capture 
hybridlMtlnn), it is exi r^mely laborious to assure 
that all samples «rci analyzed during the log phase 
of the reaction (for bolh the target gene and Ihc 
normalization gene). AnoUier method, quttnlUa- 
tive competitive (QO-l'C'R. has been developed 
and 1x tjscd widely for PC:r quantitation. (KM'CR 
HTlics on the inclusion of an internal control 
. compel llor ij) each leacllon (Beckcr-Andrc 1991; 
Hatak t;t ol. l*)93«,b). Ilic c/Qclcncy of each re- 
action is noniialhxrd to the intcrnol compel itor. 
A irnnwn ;iivt(iuiit bf liit<yr«iiJ coint^ciitof Can be 
anorM 7fic« no/ vifJ «c:!»t 7nn7/cn/7T 
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odd^ \n each Raniplc- To oblaaji rc»l;<livt' quanU 
tatlon, the unknown target I'CR prcKluci is ct«u- 
jiarcd Willi the? known 'conipctiU»r iK 'M product. 
Success of a quaiMHaHvc ctiinpctUivc VCli £issay 
reiii^oii acvdopmg an liucnml c\;iiln>l (litil am- 
plifii-rs wllh UlC same efficiency as llic lutH^:l inol- 
cculc. The design of Xhv coinp*jxJu>i *mU Ihv voJi- 
Oaiion of anIpMflcailon cfficicjieio jcquirc a 
dedicated cffwt. Howevci', because QCM'<:h dovs 
nut require ih^\ PCM juikIucIs Be aiialyyiitd during; 
Che \<j^ pha^c of (bv. iiniplirScalioa, it is tliu easier 
ur ihr two methods to use. 

Scvenil detticiioii Ky!jici£i> uie UM:d foi' quan 
tUtttive 1*CK and R*I-PC:U ajialysis; <1) u^aroAC 
^via, (2)iluuiv»(.Trii( laljcll*i>; of KiU products and 
detection with la.ntT'iiKlucr.cl nu<ire.iK.x*nce ualxi|; 
capillary <»Ie.<:trcjplioTe.Hi.i (Fa»ca cl aJ. 1995; Wil- 
liams CT aK 1996) or acrylamkk* gcl», and (3) jiUiie 
Ciiptur« and sandwich prubc hybrldf/^ititni (Mul- 

dor e?t al. 1994}. AHhou^h thCJiC WICDhhIn jjrovtrd 

Sl4CCC5SfuI. each metliod requires poil-]*CR ma- 
nlpularlons that add rlnit! to the <inalyMs and 
may lead to Jiilioratoiy i oiilaiiiination. The 
.sample ihiuugliput of Ibe^e jiirlliud.N !.% limited 
(wU)> Ww i-xcc:pllon of the plalc c»i)7lurc ap- 
proach), an<l, thcntfjjrv., ihcac mc thirds, ore not 
well >uilrAl Ttn u>t:r» dcniaodjji|^ iiigh soixiplc 
throughput (I.e., .^tcrcx^nlu^ of iar^e luuiibers of 
hli>ciu*l«:\.uleN iJi «siialyy.ln^ *>t^iuplv» i'ux dia^no^* 
tic* or clinical triads), 

llwc we rejTc^rt t!ie duvttlopiiieiit of n novel 
imay for quanihaiive DMA analysl/J, The assay Is 
based Oti u.tr. of ih« ,S' nuc*U*a?tc asxay fli*si 
described hy Holland ct ai. (1993 J. Die method 
MstiS iUf. 5' ouclCAic. aciivhy of 7Vu/ |X/lymc.ra5C i<» 
dcavc a noncxtcndlbic hybridlzntion probe dur- 

t>ic* c^• tension p)m3r of VCM. I^ut approach 
usts dual-hibcJed fluoro^cnic hyhrkll/.ullon 
probes (Lcc ct a). 1993; nossl^r Qt al. 195^3; l.lvaU 
t:t ttK j995o,b). One fluorescttiit dyv .-ivrvea as a 
reporter |FAM (i.e., (^carboxynuorescein)! and h:i 
emission spectra is quenchc-d by the second fluo- 
rescent dyft, TAMRA (i^tt,, ii-carfvixy-ietfamethyl- 
rhodamhic). Tlic nuclease dcgradiition of the hy- 
hrldl/Jitton probe reieascs the quenching of the 
I'AM fluorcsccnl euussluu, reMtliin); in an In- 
cTVUSe hi peiik fluorescent emission at SJ15 nin, 
llie uSts Of a sequence detector (AUI Prism) allows 
measurement of fluareM:t»nt Npeani cjf all 96 wclb 
of riie t norma I cycler continuously dunn^ the 
Kac .tmphflcatlon. *rnerefore, the reuctioiia aic 
inurittt>n.'d in nral Luue« TllC output data is de- 
scribed and qu<t7niTatlYe unulysb of input target 
DNA .sequences 15 discussed below. 



RESULTS 



PCR Product Dercctlon in RwrfJ Time 

"11k' ^o«1 wax to develop a high-throughput, scn- 
xitivei »nd net-uratc gene qu;*nth;itlnn assay for 
U5e In monitoring lipid mediated thftrapouTlc 
gene dcHvftry. A piasnild Amending human factor 
VUl gene .wjoence, pI-8TM (sec. Methods), wms 
usciS a& a uichM ihoraj>c«tic Ke."<i. Tlio assny us<"<i 
fluorctsc-cnt Taqman mothodolojiy and an instru- 
ment c;ij3aU1e of meaKurin« flnnresceiice in real 
thnc (ABl I'risMi 7700 Sequence ncterlor). llu: 
'I'aqnian rtiacllon requires n hybfldla:dlo3J jirnhe 
Ial>cled wilii two different fluureiiectil dyes. One 
dye is a reporter tiy« (I'AM), the otKcr is H quench- 
ing; dye CTAMRA). When the pmln: Is Snlacl, fluo- 
icscciit energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAKfRA). During i)ie extension 
phase of the I'C:K cycle, the nuorcscx:ni Iiybrid- 
lyjitlni-i probe K cleaved by the S'-IV nuckoiyiic 
activity of the. DNA polymerase. On dcavagc of 
the pi-obc, the rejrortcr dyc emission is m* lonfto.r 
transferred efficiently to the ipienching dye, re 
:»;]]tinK hi an increase of the roporlor tlyo lluorCfc- 
cent eniK-i.-ilt^n ttjXrCtro. VCR primers and probtiH 

were de?ii^iied fi»i Ihu Jiuman factor VilJ se- 
quence and human p-ae.th-i gene (a.t dcsenbed in 
M«tliods}. Opiimizailon reactions were per- 
formed to clioose the approprlutc probe uml 
magnesluni concenuations yielding the liiK'"*^* 
lnien.^iiy of rejxsncr fluorescent signal without 
sacrlfivin^ speelficity. The Instrumenl uses a 
ch a vKi:* coupled device (i.e., CCD eameru) for 
mea.^iiring the fluore:«:cnt einissloit sj^eetni from 
FiCX) to r,$0 nni. Kach VCM tube wa» monitored 
se^juentially f<3r 2f> rn.scc wiUi ciMUlnuous monl- 
torinjc; throughout tht: an if >1 if iculiou. liftcll IVlbc 

wan rc:-«xaniirtcd every H.5 soc. Computer soft- 
ware, was designed to examine the fluorescent In- 
tensity of both the reporter dye (KAM).flnd 
the quencliing dyc fi'AMIlA). The Huorc^iccnt 
intensity of the quenclilng dye, TAWllA, cliunges 
very llule over llie course of the PCR ampllfi* 
cation (data not shown). Thcrnforc, the Intensity 
of TAMltA dyc emission serves as an internal 
.tiaiidard witli which to nornmllvx! the reporter 
dye (1*AM) emission variatjoiis. Tl>e software cal- 
culaU'ft a vaUn: termed AHn (or ARQ) u^Jlng the 
following equation: ARn - (Ito^) (Hn'). where 
Rn^ . enii»»luii iiitcnshy of rofioricr/cmission in- 
tensity of quencher at any given lime In a reae 
noti tub*?, and Rn r- emission Inttmsility o£ re- 
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poncr/V'.misslon linwii^iiy i*f qucucUcr mcftsurcd 
prior 10 rCK iinipniicalioii in ihar same nwaion 
lube. I'or the purpose of quaxitUailoii, the Usi 
three data puinlS (AKiis) a)llc<.ieil ilurlng rhv. e^- 
teiisiOJI step for each 1'C:K cycle were anaJy/ed. 
TIic nus'-leolyiic dcgradnrion of Ihc. hyoruliy-tiion 
probe occurs during ihc cxtcnsjuM phas^ or rtat, 
and, thtjrfforc, reporter fluorescent ciiiHwun hi- 
creascs Ouring this ihnc, 'nu: Uiicc dam polntN 
were averaged for cacJi k:K cycJc and the «ie«ii 
value for each was plottitd in an "aiwpllllcatlon 
liloi" shown in J'igurc 3 A. TIic Alio mean vn]w ia 
plOUed on Ihe >*.axls, and time, represented hy 
cycic number, is plotted on tliv Jf-»xis. Durtng the 
earJy cycUw of (he vcn amp»fitatlon, tJie ARn 



value r4»mainj; at base Jino When Mifficlenl hy- 
bridj/-ailon probe h«'iS boon cleaved by lijt' Ttuj 
jKjIymerasc nucrlftftfio activity, the iiilviisily oi ro- 
ixiflvr nworrjiccAi cmlsaiofi iiicreubivt. \4o.M \K:\\ 
ai:>plifi'.-^>rions reticle o plal<jau phoKo of reporter 
fJiioreH\:nt cnriifiSion If the rcHulkwi Is carried oul 
lo high cycle nujuUriN. The amjili firat Ion plot Vj 
cxuiiihn.:il tMily ill reaction, at a point lhat 
icpic5cni5 ilw log phuiic of prcK.luci arnitnula* 
tion. This is done by uisignln^; an aibiljary 
threshold ttui in based on the varhil^ilUy of the 
base-line duu. Mgiue 1 A, tJic Ihrrtshold vfAssscx 
al 10 standard deviations aU^vc the mean of 
VjaRc line cniisiuiii iialculated from iydi^i* 1 lo 1 r>. 
Once the threshold is chosen, the point at whfr.h 
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Figure 1 PCR product detection in real time (A) The ivtodel 7700 Mjflvyare wHi consimct amplificalbn plots 
from the extension phase fluorescent emission data collected during the PCR ampHflcaUon. The standard de- 
viation Is determined from the data points collected from the base line of the amplification ploL values are 
calculated by determining the poini al which the fluorescence exceeds a threshold limtl (usually 10 times the 
sundard deviation of the base line), (B) Overlay ot amplification plols of serially (1:2) diluted human genomic 
DMA samples ampimed with fl-actin primers. (Q Input DNA concentration of Ihc samples plotted versus t.T- All 
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the ainpliricnlioi\ plot uro&ficd the thfC:!hold'is ci& 
fined as C,. C,. is rq>ortcd an Ihc cycle number m 
tills ])<}ini. Aft will be demon Strutted, (hi* Cl^ .value 
lit }ji«Uii.Uve of the quanlity of input tiirj^t'.l. 

Cy Values Provide a QuantUat]ve Mea:turcmcnr*of 
Input Targer Sequencer 

Plgufc IB jchows ampiincatton ploi» of li»"<li>T«5>. 
enl PCR ainpllficatlons ovcrlaW. 'I'hc ftmplif*ci«»- 
tlons woro performed on a 1:2 serial OJlutlora tft'i 
human genomic IWA. 'llic cimpliHcd tor^ci wa*. 
human p nctln, Tho :inip1ificition jilotK Khifl to 
the right (to higher threshold cycles) the injnU 
Ufgci qtiantlly in reduced, 'JT>if. i$ oxpcctod he. 
iVi\\m niHiTtinrtK with fciwer starting <*()pt(i<: of tho 
largci molecule require grcaier amplification to 
degrade enough probe to Htr<Un the Threshold 
fluorescence. An arbitiaiy threshold of 10 strin- 
dard deviations above the base line was used to 
detenniiie tlic C-,. value:;. Figure IC; reprcswUs the 
Cly valuejj plotted versius ihe $<iinple dilution 
value, Each dilution was amplified in irlpiicnlc 
P<:r ampllflcnrlons and plotted as mean vahu\s 
with error bars rcprcscniinfj one standard dtfvia- 
tion. Tlie C,- values dccTL-asc- linearly wjth increas- 
ing target quantity. Tnus, c;, yaUiv.s can be used 
as a quantitative measuxcmcni of i lie input target 
number. It should be noted that the ampllfjca- 
lion plot for the 15.6* ng samj^le shown In lUgure 
IB does not reflect the same fluorescent rate of 
Increase exhibited by mosT of the otlicr samples. 
The I5.6-ng san^plc also ac hieves (^ndpolnt pla- 
teau at a lower fluorescent value than would he 
cxjjccud ba.Ncil on the input DNA. I'his plieiiorn. 
enon has ijcen <jljscTvctl occasionally with f it)ier 
■samples (data not ^howii) and may be attribut- 
able to late cycle inbibitloji; this hypotijcsis is 
sUn under Jnvestigation. It is important to note 
that the flattened slope and earJy pialeau do n<it 
impact signiflontJy the calculated value us 
dcmo/wtratetl by tlic fii on Die line xhowri in 
Fissure. 1 C All triplicate amplincaiions ntsulted in 
very similar Or values— the stanclanl d( 
did not exceed 0.5 for any diJulJon. This cxperi- 
mentcontain.v a > 3 00,000-fold range of input tar- 
get molecules. Using Cy vaJuc5 for quoniltatioii 
permits a niucJi larger assay range than directly 
using total fluorescent emission inlensiiy for 
quantitation. The linear range. ol lluorcsccnl in- 
tensity me-asurcment of the AB( Trlsin ?700 Sc- 



»IAI iiMi OUANinMivi k:h 

mt'fits over n very hirge t;iiij5i» nf rfUlivr* si;*rtlnp/ 
tar^^et quantities. 

Sample t^reparatlon Validation 

Several pai-ameters Influence the eflicieiiry uf 
PC:r amplification: magnesium and salt conceu: 
tratloits, reliction conditions (i.e., tituc Hnd ie.iiv 
pe.rature), PCK target size and composition, 
primer sequences, and sample purity. All of tIic 
.above (actors are common to a :iingle yc\i assay, 
except sample to sample purity, in an effort to 
validate the method of sam])le j)reparallon for 
tiic iacior Vlil assay, J^CK ampliticotion reprodtic- 
ihihty and olflcicncy ol 10 replicate sample 
j>re|>;irationj: were examined. After genotTilc ONA. 
waN j>repared from iJie 10 replicate samples, the 
DNA wiuquai'itUaicd by uit/aviolct spectroscopy. 
Amplincatlons were performed analysing p-acUn 
jjcjk: content hi 100 and 25 of total genomic 
UNA. Each VCM amplification was pcrfomicd in 
triplicate. C^oinpaiison of (^|- values fur each trip, 
licate sample show minimal variadon leased on 
standard deviation and coeflldent of variance 
(Table 1). Iliereforc. each ol the triplicate PC:u 
amjilificatioris was highly reproducible, demon- 
strating that real time PCK using this tnjlfumcn- 
intlon introduces minimal viiriailtm Into tht^ 
quantitative: J'Clt analysis. C"ji7np«rt,son of tin: 
mean Cn values of the JO replicate sample prepa- . 
rations also .showed minimal variability, indicat- 
ing tiiat each sample preparation yielded siiniiar 
results for p-actln gene <]iKintity, J he highest Cy 
<lifference between any of the samples was 0,85 
and 0.73 for tJlC 1(K) and 25 ng sjimples, respec- 
tively. Additionally, the amplification of eacii 
sanq)le exhit)ited an equivalent rate of fluorcv' 
cejil emission Intensity change per amount of 
1>NA target analysed fls indicated by similar 
slopes derived from Ihc sample dilutions (1-ig. 2). 
Any sample containing an excess of a i*Cl< inhibi- 
tor would exhll)it a greater measured 3-acilu 
value for a given quajiiiiy of UNA. In addition, 
the inhibitor would be dliuteci along with the 
.sample in the dilution anaiyNi.N 2), altering 
the expected C^,- value chajige. F.ac:h .sample nm- 
pJJficotion yielded a similar result in the analysh, 
dcmomlrating^ tiiat liiis method of xiimply prepa- 
ration is highly reproducible with regard to 
sample purity. 

Ouandcadve Analysis of a Plasmid After 

7fte« rtoi aha W4 «c:f7T 7nn7/cn/7T 
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Toblv 1, Roprodu<lhtn^ of Siimplo Pr«pAratton Method 



1 

2 
3 



9 
10 

Mean 



100 ng 



Samplo 

no. Cr 



standard 
m^^n deviation CV 



18*24 

18.23 

18.33 
18.35 

18.3 

18.3 

18.42 

18,15 

18-23 

18.32 

18.4 

18.38 

18.46 

18.54 

18,67 

19 

18.28 

18.36 

18.32 

18.45 

18.7 

18.73 

18.18 

18.34 

16.26 

18.42 

18.57 

18.66 
(1 10) 



18.34 
18.23 



18.12 



0.06 



0.06 



0.07 



0.08 



1 8.42 0.04 



18. 7d 0.21 



18.39 0.12 



18.63 0.16 



18.29 0.1 



0.12 
0.17 



0.32 

0,3;^ 

0.36 
0.46 

0.23 
1.26 
0.66 
0.83 

0.65 
0,90 



20.48 

20.55 

20.5 

20.61 

20.59 

20.41 

20.51 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21,09 

21,04 

21.04 

20.67 

20.73 

20.65 

20,98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



(tandard 
mean deviation 



20.51 



P0..^4 



20.54 



20.43 



20.86 

20..? 1 

20-73 
20.66 



0.P3 
0,11 
0.06 
0.05 



20.73 0.13 



21-06 0.03 



20.68 0.04 



0.12 

0.07 

0.1 
0.19 



CV 

0.17 

0.51 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0..32 

0.16 
0,9A 



(or cxtiitninin^ n partUil cUNA for hum^in factor 
vni, pl-8TM, A Jicrlcs uf tmn^ifcciJons wu,<i sot 
up usln;^ a dccrcoalng an^ounl of the plasmid'^(40; 
A, (J.5, and O.l p-R)- Tvvtrniy-four hours po.si- 
tru'Kira'tinn. total HNA waj ptirlflfd (nun each 
flask uf p-AL liii griicijuaiiUty wai cliUMrii as 
<t veiluc foi' normali^'.^rHiii of f;ciiuiriic ONA ccn- 
a:iirraUuii ti\>m vadl :iniaplv. in tliis cxpcxlfjicnt, 
|i-actin ^iznc cox^icm should rernaiu consiani 
relailve to rural ^^cnumic DNA. Hjjun* A stiows ihc 
result of (he p-actUi una measurement (100 Jig 
tola] DNA dclcrniined by ultraviolet spectros- 
copy) ot' wli siiiiijtle. Kach sample was analyzed 
in iflplicate and the mean |i-acun values of 
the Iripikates were plotted (error bars represent 



b<.*twi;H^ii :iiiy iw<\ s2im])lo moanie was 0.5)5 C,.. Ten 
nanograms of total DNA of «ac)i sample were aiso 
rx«-3iiihictd for O-^^clln. Ilic results n^um .'sluawcd 
ihrtl very 3u Hilar aniouni-s of genomic DNA wcro 
prcacnt; tlu: maxlmunn mean |i aain C:, value 
difference: wa.s 1.0. As Mgurc 3 shows, llic riilc of 
P-actin Cr cljuriK^- IxrLween the jOO and 10-ng 
sajpplc.-* was slnillttT (sJo|>c vaJiio.'; raojj« bwtwotfn 
3.56 and - 3.45). TVii.x vcri/Jcs again ihi\i ihe 
method of .sample prcparaiion yields j;aTri]3los of 
identical PCR integrity no samplt? conl.-iin.Gd 
an excessive amoujd uf a PCR Inhibitor). How. 
wvcri Ihc-se results Indicate that each sample con- 
tained slight diffeiences in the actual amount of 
gcjiumlc 1>NA aiialyyxd. Determi F>atfon of actual 
ttunojuic ON A ^onccnlrttliOA was xiccomplished 
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Fi^uns 2 Sdf i iple preparation punly. 1 he replicoto 
samples shown In Tablo 7 woro <il^o amplified In 
tripicate vising 25 og of each ONA Sample. The fig- 
ui iz sliow^ the input DNA conccntfAlion (1 00 arid 
iJ5 nc)) vs. C, In ih#» fiQiiri^ ih#* 100 and 75 ng 
potnU for each sarnple are connected by a line. 



\'%y p] oiling tJic mcim (i-acUo Oj value obtained 
for i«at!h lOO iifcj s«iajj)c vm a p-*icihi stAnikird 
i.-urve (shown IrJ I'Sg* ^^)' '^^^ ocluiil j;*^nonilc 
ONA coiicfiitriit*«"» t>i* c«cb 5Miii]»j«, was ob 
taliped Ivy cxtrapol/illon It) iliu 

Fi;;vartt 'I A shuws llic mcusurcd' iioj^- 
norinaU?'.«tl) c|\utfUiliv:.N factor VJJJ plajtmid 
ONA (pWTvf) from each' of ttu: fcjur transient cell 
lr«m>ft^clif>iiA. £«ch reaction contained 100 t>g of 
lottif 5nmj>lc DNA (tts detvrnnnod by UV spcctroii' 
copy), r^ach sample was uiialyzeO in Iriplitroilc 



25 
I ^ 



20 



pfieTM tronsfeoto d 



— • • 04 MO 
A 0.1 MO 



■ I 



1^ 



1.4 IJJ 1.8 
log (ng bpul ONA) 

Figure 3 AridlybU uf (idmfectcd cdi DMA quonliiy 
and purity, I lie DNA preparations of Ihc four 293 
cell transfecUons (40, A, 0.5, and 0.1 fxg of pF8TM) 
were analyzed for the P-actln gene. 100 and 1 0 ng 
(delcrmined by ulcraviolel spectroscopy) of each 
sample were amplified in triplicaie. For each 
amount of pf 8TM tJiat was transacted, the (i-aciln 
Ct values are plotted versus the total Input DNA 



«l At f IMI- OUANTITATIVH PCW 

''l>C:r< snnpllfications. As shown, yl-'BTM punficd 
jfiuic Jbc 20:* cells decruasas (mean C, values in- 
cnni>'«i^; with decreasing amounts nf pla«n^id 
arumli'Ucd. The mean values obtnined for 
phWKI in TlgufC 4A were plotted t»n ;i stuTidurd 
curve o;*mprl,Hed of sei hilly diluted pKHTM, 
shown .in figtirc 4B. 'I'he quaiiUly uJ pl-KTM, /j, 
found in each of tlic four tranfifcctlonR w:i.«; de 
tcrmined by c;<trftp"JaUon to the » axlti of the 
slandord ctirve In Pi^urc 4K, *n«?Jie uncorrected 
values, l^rr pKKJ'M were noriDMll^^At^l io dcicr- 
rtiine Uie actual amount of pl'S'lM f(.i\iiKl per 100 
riK <if genomic DNA Ijy u.-^lng Ihc equation:. 

/TXlOO ucuaal prS'lTvl copies oer 

If * 100 ng of genomic DNA 

where a actual gciioinic ONA in u .sample and 

U «- prH'lTvl copies from the standard curve, 'Hie 
notmu4incd ^uanUty of pl'BTM per 100 ng of ge- 
nomic DNA for e<ich of the four 1 ranfjfccilon.s I.^ 
•shown ill higure 4JJ. 'n»e.Ne rr..^uU5 .show ilifli ihc 
cjuantJty of factor VUl ptasmlO ii^ioeJuteO wiMi 
the 29.1 cells, 24 lir ttfter irujijifeUi<iii. Jvit.iiMSes 
with dccrcuslUK plHMniiJ unu.enLiiitJoii u.s<xl Ui 
the tran:»/et:tion. 'Hu: quantity of pi'ttTM nssocJ- 
atcii wiin 293 cells, after irunsfectlon with 40 n,g 
of pliisinid, was 35 pg per 100 ng ^^^nuirilc l)NA. 
Tills results in -520 j)lasiiiid copies per eeil. 



DISCUSSION 

Wc have described a new method for quantilui- 
iiig gene copy numbers ujsing roil-tlmc analyses 
of PCK amplifications. Real-time K!K \^ cnnifiai- 
iblc with cither of the two HC:K (KT-PCR) ap- 
proaches: (1) quanlllativc tc>n»r*«'i*«^^ where An 
liiteiJial v.-oinpcillor for each target .sequence is 
u.sed for normaH/^Uon (data not shown) or (2) 
<^uaiiiiiailvc comparative PCR u^^hig a uwuiutlii^i- 
ttoii gene contained withiii the sample O e,, P-flc- 
tin) or a "housekeeping" gene for RT-l*fJK, If 
equal auxount.^ of nucleic acid are anaiyml fi)r 
each satuplc and if the amplification effiticru*.y 
before quantitative an«lysb i> identical for e«ch 
sample, the hueriiai coutiol (nwjiiicili/^^ilion gene 
or competir(3r) should give equal mkiiuIs for alJ 
samples. 

Tlie real-time fCU mctho<l <iffers scvenil ad- 
vanlagc.'? over the other tw<j mcthcKls currently 
employed (tice the Introduction). Kirsl, the real- 
time FCR inethod is perfonncd in a closed-tube 
system and requires no post-PCJR mafupulallon 
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FlgiirA 4 at»l»nt(t3tivc OnotyKijc of pF8TM in Iransfcctcd cclli. Amount of 
plasmid DNA uicd for Ihc; trunsfecilon plotted ag^siiisl Uic tiH^un C, valufi detcr- 
To^^^j^^T'^^^'^ rcmalniMcj Pt^ br aUcr Uonsfcctlon. (fl.C) Standard Oirvns of 
p|.RlM ;»nd p-actin, respccUvoty, prQTM DNA <fl> dnd genomic DNA (Q were 
dilutAd AArlally 1 :5 before ^mpIiflci*tIon with the appropnatc primcfi. The p-acUn 
standard curvo wak usod to norni3li>Q Ihc results of /\ to 1 00 ncj of genomic DNA. 
(O) The amouni of prSTM prc^nt pt:r 100 ng of fjcnomic DNA. 



of .<;^'kmp]c. Hjercfore, I hi- potcntin) for TCH con- 
<nmln(>iic»ii in the lahcir^itory is rcdvicctl bccauNC 
amplified productK can Iw ««i)aiyy.ed and dispo^jcd 
of without opening iho miction tubes;. Sco.«iul, 
thii method suppoxt^ u»« of a tuinii;i1iy.<itJi>i] 
gene (i-c, P-actin) for quantitaHvc PGR or housc- 
)<vcpuig genes for tjiayTititfltivc R7-l'Ck controls. 
Analysis Js perforrncd in real time during tlic Jog 
pliasc of product accumulation. Analysis during 
kiK phase permit.^ many different genes (over a 
wide input tarftrt range) to be analy>rd slmuliii- 
iu:uu?i]y, without conccrn of reaching rr^ciion 
pkiciiu at different cycles, llib will luiikc JiiuIU- 
^Cf)<;-. analysis assays much caMvA tv Uvvelop, be- 
C0U3C individual intcajd i.uttip«lltoi> will nul Ik: 
needed for coch gene ujider anolye^ls. TlUrd, 
ckdinpic throughput will iin.jea>c UittfiialittfUy 
with the new metliod l>ecausc there no jHiM. 
IX'M processing time. Additionally, winking In a 
1J6-WCIJ format h highly couipatible with autt>« 
Illation technology. 

The real-time VC}^ method ^^ highly reprn- 
ducibk. RepHcaU* amplifications can be aiiuly^:vd 



for c-ncH snmple iniiilmlksing ]>otcntl«l «rr<>r. nur. 
.sysittin ;ii1ow.s for a very large iissay dynamic 
range {uppTo;u:hii)g l,0<XJ,0<H)-f<)hl Marting lai- 
got). tJcfhig u .standard curve for the target ol in- 
terest; reltttJve cor)y nuniLier valucji can be deter- 
mined for any unkjiowji ^uiuple. Huore:»ctJ7t 
thres])old vniues, C,.j ccVufJatr. linecirly with rela- 
tive DNA copy number.^. Heal time quaniliailve 
K*r-l»C:J< methodology (O'lbson et al., this l.wnft) 
h^A ahobecsn developed, h'njdly, rcaJ time q 44^11- 
tifotivc I'CU methodology can be used lu ^levclup 
high-ihroughput jcrccnLng M^mys for a variety of 
applications fquantJlAtlvc gene CApivodlon (R'l- 
rOK), gene copy «.n.iay» (ftcr2, lllV, CtC), 5Cm> 

typing (knockout mouse analysU)i and Immunn- 
PCUJ. 

UeaUtin)e VCM may aLw Ik: j>crforme^l using 
intercalating dyc?< (Hlguohi cl uL "iWA) such as 
ciJiidiimn br<nnidc. The fluorogenic probe, 
method offers a ma|or advantage over inter- 
calating dyes-- greater specificity (i.e., primer 
dimvrs and nonsjiedflc PCR producl.s are not de- 
t<*.cied). 
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METHODS 

Generation v( <i Hasmld Cuntalnlns a Partial 
cDNA for Human Factor YIU 

•fUlHl RNA hiifvratcd (UNA*-*** » l«>i« 'l**'! Tc»W 
)-nC"<lAV\*ood, TX) from I i-iiifccHrtl wHh a faviur VIU 
fx|fru!uiuii vector, pC:iSZ.<k'^i^lJ (Katun vl ftl. IVH6! Cor- 
mnn cl al. 1900), A Uctor VIII partial cl^NA <rf*fjiHTUv WAS 
fHi'twmicd by in* K:lt t<;<MicAmp la (Tlh 1(NA 1>C*JI XW 
^an NWm-OT/y, I'll Appliin) hit>&ysicin!i« Vastvi <riiy, <w\)J 
usln^ llw I'tni priiiiurs FH^or l-*Rrfrv (priim-f .M'tfiitMirrt 
arc .ihown b<fkiw). T!u« ampHcon was feanipJifird aMnR 
nicKltficU l*«fof and I^Brcv prlnwrs (iiji|X'tuU%1 wnh 
and HmdUl rcstflcUon ^<rc st-qucnccs »i thv ,s' M*ui^ 
doticcl fiilo jKiliM- 3Z CU>fp.. MadiAOU, Wl). I'hf 

fcsuUin^c»«nr, pPSl'M. was U5cil lor tfan»ciii transfealon 



Amplification of Target DNA am! Dulccilon o( 
Amplicon Factor Vill Plasmid DNA 

(pFHTM) was diniillfunl wlih Uic j/»it»KMi VHfut 5'-<:<;<:- 
CrrdCCAAUAUIitJAt AilCiTC-3' an<t l-tt^-v 5'-AAA<;crr- 
i:AOCCrrOCjA'J'CUjTACJCi-3'.11i« rvwcllun pivJuvvU w 
lip i'C:k produCK 'J'ln' forwiird jjrtincr was dolxnvc! lu ict.* 
ii^uiyx a uiilqutf M't{iii*iHi- fiMiiid In ihc .V untran&lt^t^ 
reKli^" f'f tli^: [)iti(riil pCU>2.ttt.Z5J> {liaMfiKI diiil therefore 
(Iocs liiX ;vUiHfi^*^: ^"id aiiipUfy IIk' liumoii f^iclnr VUl 
^t«iK*r Mrimnrfi woro choKon \villi \\w r>r tU<* ooid. 

pulcr proKfiii^i Oli^ti i,u (Nfititnuil UUixCtcnvcs, Invi* l*ly. 
niouttt, MN}. The human pectin gptie was ainplifled Mrlih 
II ic prlinco ftii-wftfU j>fliucr <1' TCACCX.lA<*«^<rn;'r 

GCCCAT(rrAC:C':A-3* and ^-adiij icvcrsc piiwcr A'-CAC- 

CGOAACC:C(rr<:Arn5C:c:AA*j*CG-3'. The reaciion pro- 
citiCCO a av5 hp I'Ck prrxlua. 

AmpnriCAlton reactions (50 |J) conuiiiu'd a DNA 
sample, lax I»<:r Uuff«r II (S piJ), 200 pjrf dAlT, dCri', 
dGT(\ and ^(X> ttM dU*n», ^4 inM Ms<:i:,. I.^S UdUx AmpJI 
7Vii; ONA pojymciasc, U,5 unit Ampwnsv uracil N-fiiy- 
ciwyUjH." <UN0)| 50 pfiioiwof <;Ach f<^ct<;i VUl ^irliiwi, tind 15 
pfiKtlf <)C itudi i< dtctin |)( linear, ']1i<f icactluiiiir i:«>nl«t(ucd 
one of (IH" foMowhij; dcMe<*tl«)ii pr«h*»jt (HMJ iiM r|irl»)j 

i'»,.f«.bc .^'{KAW)Ac:cnYrj'C!c:Arx:T<;frn(yrm:rt:T- 

OCCTT{TAMjRA)p 3' *iud a-«tiin probe 5' (FAM)ATC!C:c:c:- 
XCrAMKA)C:CCCCAT(:;CCATOp-.'^' wl.crc p indicates 
plm.<iphofyUtiAii nnd X Indicates a linker arm nuclccitidc. 
RcacUoii IuIkn'v wrn.* Mu:r«iAft\p Optical Tiil>cs (part Atlxn- 
licrNkOI 09:ta, Pcridn Ulxuor) tJiat wof<^ TroKtod (at IVrJHn 
F.lnicr) lo pr^-v<-iil K^hl from /cflcctln^. *l\»bc capi w<?rc 
similar in Mic*n)AtVip C:nj>:i \HJLi specially dcjiigncd lo pre- 
Ycnl HrIu scuUvr'nijj. All <il tlii- P<:U (.UMtMumuhti'* wcf« «u>»- 
pli^jd l^y PK Applied Il9C»6y«tcni9 (l-Viftlor flMy, CA) cxccpl 
ihc factor VIU primers, wJilvU wru* .^yndu*sixrd «1 Ccnvn 
lech, Inc. (StJulh f'tiii IVundsco, CA). ProUcv wort* dc-siynfd 
u.^lng the Oliyo 4,<) 5ofiwQre, /olknvln^; giildflliioi; ku}*- 
}iC5ied in mc MoUoJ 7700 .Sequence iH't<t u>r UiMiuiiu'nl 
manual . UrlcHy, prubv »uUI he a1 IcmI S^'C 

lhan THf aniu'ulUjK iciui-ifj-liifc: u.wl durli»« llM-Triiul cy- 
rluig; primers should not Xuim NlttijU- duplexed wiili On- 
probe. 

The thLTiiJ4il »-ycllng coiiditloivs IneJudcd 1 Jiiln aI 
jitl'^C: and 10 mill at 95"C. Ilicriiial *.7cUng procrrdod wUh 



ri-actious were pcrfoniied if» <h<« Model 77<HI, Sequence IX'- 
\f%Mtt (l»U Applted Ulusyvlvutv), which coniahss a Ce»w-- 
Amp I»<*:H SyMvm y«>a keacllon wiidillon^ w<.rf pin- 
gnitiiiliutJ uii K#w« MhoiiUmIi /IOO (Apple C>,inM»"<<'r, 
Santa Qora, c:a) llnKcO diatily to the Motic) WOO .Si^. 
<|uctK\* lXil9Clor« AitatyvU «if data wnv |w*rf/tfmi><l 
tliv Mii-lntfrth computer. fVilloeiiou and analyKls Mjfiwaro 
wi» devcl<>|wl Ml 10-: Applied BlcMyxiuins. 



Traiwfection of CclU with Factor VIII Coiwtruci 

JViur T\7S flasks of 293 cells {ATCX: CMl. 15714), a huntan 
felol kidney suspen/iicjn cell line, were h"'wii lo 80% con- 
lUicney iftd tranifccied pl-K'I'M. Celb were ^rowu In iho 
N>llnwl!i5 nu'dln; 50% HAM'X HI 2 without GHT, 50% Uhi* 
Itlucostf IHiihciXNi's ffit^dlflcd Kaxl<? inedium (nMUM) wlUi* 
cnn glynnc wiUi sodium bicadxmate, 10% letal bavw 
scriiin, 2 inM i.-j;lul<nninc, dnd 1% pcnkiiliii-strcptomy- 
^,]n. The media was dianffcd 30 mln Ihc Uansfcc 

lion, pl-U'rM r)NA amounts of 40, OS, And 0.1 ^vre 
i»Uit(;<l tt> 1..S ml of a solviOun conialnlnR 0,125 m CUiCXy 
And 1 X IJUHi5. The four ntixhm*?* were left at rt>o)n ten*- 
|.K-.nt^«jrt' Utt in mltx and then iid<ktl dnipv^lw 1« tJtv ecllsi. 
Tliv n»4k> *vt.iv.»t.i.ul*ilcd at 37*C. c»nd 5% for 24 hr, 
wttflhed with rhs, 9**0 ra^wApcndcd In lMtS« Thc renim 
jn*nd^:d celh wre divided inlw i»lujuo(fl und WA WA4 
tmcted liiimcdluUly u«jjk Uiv QIAuiup KJiwnl Kit CQUjjen. 
aittt.imiTtJj, <.V^). DNA >yuJ. <:luled Into 200 ,»l uf 30 niw* 
Trlft-IICJol pn8.0. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-l and WISP-l, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
IVISP'3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-l. These included (i) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracylihe repressible promoter, and («) Wnt-1 transgenic 
mice. The WISP-l gene was localized to human chromosome 
8q24.1-8q24.3. WISP- 1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to >30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP'3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to >30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-l 
signaling and that aberrant levels otWlSP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-l is a member of an expanding family of cysteine-rich. 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnl-1 originally was identified as an oncogene activated by 
the insertion of niouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnl-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by* binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3i3 (GSK-3P) resulting in an increase in 
|3-catenin levels. Stabilized ^-catenin interacts with the tran- 
scription factor TCF/Lefl. forming a complex thai appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
^-catenin levels (9). APC is phosphorylated by GSK-3)3, binds 
to 0-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homcobox genes, engrailed ygoosecoid, twin {Xtwn)y and siamois 
(2), A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-l retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

in this paper, we describe the cloning and characterization 
of two genes up-rcgulated in Wnt-1 transformed cells, WlSP-l 
and WISP-2, and a third related gene, WISP'3, The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778. AF100r79, AF100780. and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 



14717 



14718 Cell Biology, Medical Sciences: Pennica et al. 



Proc. Natl, Acad, Sci. USA 95 (1998) 



cDNA was synthesized from 2 /xg of poly(A)'^ RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 jug 
of polyCA)-" RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP' I were isolated by screening a AgllO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human mSP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
. coding full-length mouse and human W!SP'2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP'3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 of each dNTP at 
94*'C for 1 sec, 62°C for 30 sec, 72*'C for 1 min, for 22-32 cycles. 
WISP ^nd glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33p,iabelcd sense and aniisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WlSP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebr!dge4 Radiation Hybrid 
Panels (Research Genetics, Huntsvilie, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Insdtute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following' 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2<A«) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the S£ of the gene copy 
number or RNA expression level. The l^'AS/'-specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-l and WISP-I by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 



mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thiriy-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence lags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse iranscripiion-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-l and WISP'2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on ^-catenin levels (13, 14). Expression of WISP-l was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP'2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt'l gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-l mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-l were isolated and the 
sequence compared with mouse WISP-l. The cDNA sequences 
of mouse and human WISP-l were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of *=40,000 (Mr 40 K). Both have 
hydrophobic N-lerminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 2A), 

Full-length cDNA clones of mouse and human W!SP'2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of 27,000 (Mr 27 K) (Fig. 2B). Mouse and human 
WlSP-2 are 73% identical. Human WlSP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 



C57MG 




Fig. 1. WJSP'l and WJSP'2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG ceils. Northern analysis of WlSP-l {A) and 
WlSP-2 (B) expression in C57MG, C57MG/Wnt-U and C57MG/ 
Wnt-4 cells. Poly(A)* RNA (2 /ig) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WlSP-l-spedric probe 
(amino acids 278-300) or a 190-bp W75/*-2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridizedwith 
human ^-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WTSP-l (A) and mouse and human WISP'2 (B). The potential 
signal sequence* insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WlSP-2 has 28 cysteine residues that arc con- 
served among the 38 cysteines found in WISP-L 

Identification of WISP-3, To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3, A full-length human 
WlSP-3 cDNA of 1^71 bp was isolated corresponding to those 
ESTs that encode a 354raa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
* human WISP proteins shows that WISP-1 and WiSF-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WlSP-1 and 32% identity with WISP-3 (Fig. 3/1). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-l, WlSP-l, and WISPS are novel sequences; 
however, mouse WlSP-1 is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WlSP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-0 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overex pressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysieine-rich domains 
(Fig. W) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. {A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 arc indicated with a dot. (5) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple- tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP), This sequence is conserved in WISP-2 
and WISP-3, whereas WlSP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC)» also found in certain 
coUagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only sbc of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig, 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP'} expression was seen in the adult heart, kidney^ lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISP-S 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ LocalizatioD of WISP-l and }VISP'2. Expression of 
IVISP'I and IVISP'2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP'} was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D), However, low- 
level WlSP'l expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-}, WlSP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H). However, WISP'2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 





V\G, 4. {A , C, E, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-l expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power {A and B), 
expression of WISP-l is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and O), and tumor cells are negative. 
Focal expression of WISP- 1, however, was observed in tumor cells in 
some areas. Images of WISP-l expression are shown in £-//. At low 
power {E and f*),. expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H), 



the predominant cell type expressing WlSP-I was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP- 1 is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28), Preliminary fine 
mapping indicates that WISP-I is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISP'3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-l resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic ONA from human colon cancer cell lines was 
. assessed by quantitative PGR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-I 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-l locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PGR (Fig. 6). The copy number of WISP-l and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-l in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0,001 for each). The 
copy number for WISP-3 was indistinguishable from one {P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-l (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Amplification of WISP-I genomic DNA in colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 fig) 
digested. with EcoRl (WISP-l) or Xbal (c-myc) were hybridized with 
a 100-bp human WlSP-1 probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fio. 6. Genomic amplification of ]VISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PGR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PGR (Fig. 7), The level of mSP-l 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP'2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WlSP-ly WISP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fjo. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient 
Expression, of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISPS ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-L 

Three of the genes isolated, WISP-U WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-l retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i,e., jS-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through ]3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WlSP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WlSP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WlSP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, .WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin Oyft serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP- 1 and WISP-l in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
. tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-pl, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-l and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP- J 
and WISP'2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysts of WISP- J gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WlSP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP'2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP'2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplitication 
observed for lVISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WISP'2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WlSP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression oiWISP'2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, inpluding the tumor suppressor gene adenomatous 
polyposis coli and p-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic j3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of iVISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENK or AEQK were dissolved in water, made isotonic with 
NaCl and diluted into RPMl growth medium. T-cell-proliferation assays were 
done essentially as described^"'. Briefly, after antigen pulsing (SOfigmP' 
TTCF) with tetrapeptides (l-2mgmr'), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0,05% gluiaraldehyde. Glycine was added 
to a final concentration of O.IM and the cells were washed five times in RPMI 
1640 medium containing 1% PCS before co-culture with T-cell clones in 
round -bottom 96 -well microtitre plates. After 48 h, the cultures were pulsed 
with 1 ^iCi of 'H-thymidineand harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 p.g TTCF with 0.25 jig 
pig kidney legumain in 500 \x\ 50 mM citrate buffer, pH 5.5, for 1 h at 37 "C. 
Glycopeptide digestions. The peptides HIDNBEDI. HIDN(N-glucosamine) 
EEDI and HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK). which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography", Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 'C with 
5-50 mU ml"' pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgml"' a- 
cyanocinnamic acid in 50% acctonitrile/0. 1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 

Received 29 September accepted 3 November 199S. 

1. Chen, J. M. cr al. Qoning. isolation, and characterisation of mammalian legumain. an asparagtnyl 
endopeptidase. /. BioL Oiem. 272, 8090-H09B ( 1997). 

2. Kembhavi. A. A.. Bunle, D. |.. Knight, C G. & Barren, A. ]. The two cysteine endopeptidases of legume 

seeds: purification and charaaerization by use of specific fluoro metric assays. Arth. Biochem. Biaphys. 
303. 208-213 (1993). 

3. Oalton. I. P., HoLa ]»mnskz. L & Bridiey, P. J. Asparaginyl endopeptidase activity in adult SthUa$oma 
mansoni. Parasitoloiy 11 1, 575-580 (1995). 

4. Bennett. K. et al. Antigen processing for prcscnution by class II major histocompatibility complex' 
requires cleavage by cathcspin E. Eur. J. ImmunU. 22, 15 19- 1 524 ( i 992). 

' S. Riese. R. |. et a/. Essential role for cathepsin S in MHC class Il-associated invariant chain processing 
and peptide loading. Immunity 4, 357-366 { 1 996). 

6. Rodriguez. G. M. & Dimcm, S. Role of cathepsin D in antigen presentation of ovalbumin. /. Immunol. 
149, 2894-2B98 (1992). 

7. Hewitt. L W. ft a/. Natural processing sites for human cathepsin E and cathepsin D in teunus toxin: 
implications for T cell epitope generation. /. Immunol 159, 4693-4699 (1997). 

8. Watts, C Capture and processing of exogenous antigeiu for presentation on MHC molecules. Annu. 
Rev. ImmunoL tS, 821-850 ( 1997). 

9. Chapman. H. A. Endosomal proteases and MHC class II function. CMrr. 0/nn. Immuntd. 10, 93-102 
(1998). 

10. Fioeschi, B. & Miller, ). Endosomal proteases and antigen processing. Trendi Biochem. S^l 22, 377-382 

(1997) . 

1 1. U, ). & van Hatbeek. H. Complete 'H and "C resonance assignments of a 21 -amino acid ^ycopeptidc 
prepared from human serum tFansfierrin. Carbohydr. Rei. 296, 1-21 (1996). 

12. Fearon. 0. T. 8c Locksley. R. M. The instiuctive role of innate immunity in the acquired immune 
response. Science 272, 50-54 (1996). 

13. Medzhitov, R. & Janeway, C A. J. Innate immunity: the virtues of a nondonal system of reoognttion. 
a// 91. 295-298 (1997). 

1 4. Wyatt. R. et al. The antigenic structure of the HIV gp 120 envelope ^ycoprotcin. Nature 393, 705-7 M 

(1998) . 

15. BotarcOi. P. et al. N-gJycosylation of HIV gpl20 may constrain recognition by T lymphocytes. /. 
ImmunoL 147,3128-3132(1991). 

16. Davidson, H. W., West, M. A. 6t Watts, C Endocytosis, intracellular trafficking, and prtKcssing of 
membrane IgG and monovalent antigen/membrane IgG complexes in B lymphocytes. /. Immunol. 
144.4101-4109(1990). 

1 7. Barrett. A. ). 8c Kirschke. H, Cathepsin B, cathepsin H and cathepsin L Methods Enzytnol. 80, 535- 559 
(1981). 

18. MakoiT. A. |.. Ballantine, S. P.. Smallwood, A. £. 8c Fairweather. N. F, Expression of taanus toxin 
firagment C in £. coik its purification and potential use as a vaccine. Btbleciiitofqgy 7, 1043-1046 
(1989), 

19. Lane, D. P. 8c Hariovir. E. Antibodies; A Lahoratory Manual (Cold Spring Harbor Laboratory Press. 

1988). 

20. Laniavecchia, A, Antigen-specific interaaion between T and B cells. Nature 314, 537-539 (1985). 

21. Pond. L &. Watts, C, Oiaraacrization of transport of newly assembled, T ceit-stimulatory MHC class 
ll-peptide complexes from MHC dass II companments to the cell surface. /. Immunid, 159, S43-S53 
(1997). 

Acknowledgements. We thank M. Ferguson for helpful discussions and advice E. Smythe and L Grayson 
for advice and technical assistance; B. Spruce, A. Knight and the BTS (Ninewdls Hospital) for help with- 
blood monocyte preparation; and our colleagues for many helpfiil commenu on the manuscript. This 
work Mras supported by the Wdlcome Trust and by an EM BO Long-term fellowship to B. M. 

Correspondence and requests for matcriab should be addressed to CW. (e-matb &%«atts9dtindee.acuk). 



Genomic amplification of a 
decoy receptor for Fas iigand 
in lung and colon cancer 

Robert M, Pittht, Scot A. Marstersn, David A. Lawrence^, 
Margaret Roy*, Frank C. Kischkel*, Patrick Dowd*, 
Arthur Huang*, Christopher J. Donahue*, 
Steven W. Sherwood*, Daryl T. Baldwin*, Paul J. Godowski*, 
William I. Wood*, Austin L. Gurney*, Kenneth J. Hillan*, 
Robert L. Cohen% Audrey D. Goddard% David Botstein^ 
& Avi Ashkenazi* 

• Departments of Molecular Oncology, Molecular Biology, and Immunology, 
Genentech Inc. 1 DNA Way. South San Francisco, California 94080, USA 
t Department of Genetics, Stanford University, Stanfordt California 94305, USA 
t These authors contributed equally to this work 



Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells^ Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily^. Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegenn (OPG)^ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy- terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL^ (Fig. 2a), but not to cells transfected with 
TNF*, Apo2UTRAIL*^ Apo3L/TWEAK"', or OPGLH-RANCE/ 
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RANKL"*"'^ (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRl. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity {K^ = 0.8 ± 0.2 and 
l.liO.lnM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL, 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 p.gmr*. Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation-" 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results' \ activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes' '^''*". Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from ~65% to 
—30%, with half- maximal inhibition at — Ifigml'^ the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL'^ 

Given the role of immune-cyto toxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune -cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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figure 1 Primary structure and expression of human DcR3. a. Alignment of the 
amino-acid sequences of OcR3 and of osteoprotegerin (OPG): the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4). and the/V-tinked glycosylation site (asterisk) are 
shown, b, Expression of DcR3 mRNA. Northern hybrkiization analysis was done 
usirig the DcB3 cDNA as a probe and blots of poMA)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL. peripheral blood 
lymphocyte. 
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Figure 2 Interaction of DcR3 with FasL a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area). TNFRl -Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a signihcant difference (P < 0,001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRIC5. P£, phycoerythrin- 
labelled cells, b. 293 cells were transfected as in a and metabolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFRl. OcR3 or Fas. 
c. Purified soluble FasL (sFasL) was imriiunoprecipitated with TNFRl -Fc. DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d, Flag-tagged sFasL was 
incubated with DcR3.-Fc or with buffer and resolved by gel filtration: column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e. Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
Inset competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PGR)'* in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18- fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based PGR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of I gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent fi-om adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours, 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is fiinctionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 
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we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM218xe7 (T160), which maps to 
chromosome position 20qI3. Next, we isolated from a bacterial 
artificial chromosome (BAG) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, firom the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAG, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3 -linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand-family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG^'^ 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas^°. A second mechanism involves proteolytic 
shedding of FasL from the cell surface". DcR3 competes with Fas for 
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Figure 3 Inhibition of FasL activity by DcRS. a. Human Jurkat T leukaemia cells 
were incubated with Rag-tagged soluble FasL (sFasUSngml"') oligomerized 
with anti-Flag antibody (0.1 p-gmr') in the presence of the proposed inhibitors 
DcR3-Fc. Fas-Fc or human igGi arid assayed for apoptosis (mean ± s.e.m. of 
triplicates), b. Jurkat cells were Incubated with sFasL-Flag.plus anti-Flag antibody 
as in a. in presence of i ^.g ml'* DcR3-Fc (filled circles). Fas-Fc (open circles) or 
human IgGi (triangles), and apoptosis was determined at the indicated time 
points, c, Peripheral blood T cells were stinriulated with PHA and interleukin-2. 
followed b/ control (white bars) or anti-C03 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGi. Fas-Fc. or DcR3-Fc {^O^t.g ml"'). 
After 16 h. apoptosis of CD4* cells was determined (mean ± s.e.m. of results from 
five donors), d. Peripheral blood natural kilter ceils were incubated with ^'Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles). Fas-Fc (open 
circles) or human IgGi (triangles), and target-cell death was determined by 
release of ^^Cr (mean ± s.d. for two donors, each in triplicate).- 
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Figure 4 Genomic amplification of DcRS in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c. d, f. g, h, j, k. r). seven squamous-cell carcinomas.(a, e. 
m. n. o, p. q), one non-small-cell carcinoma (b). one small-cell carcinoma (i). and 
one bronchial adenocarcinoma (I). The data are means i s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done In duplicate, c. In situ hybridization 
analysis of OcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding daric-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplihcation of DcR3 compared with amplih'ca- 
tion of neighbouring genomic regions (reverse and fonward. Rev and Fwd). the 
DcR3-linked marker T160. and other chromosome-20 markers, in the nine colon 
tumours showing DcRS amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < O.QI for a Student's r-test 
comparing each marker with OcR3. 



nature! VOL 396| 17 DECEMBER 1998 1 www.nature.com 



Nature ®Macmillan PuMisheri Ltd 1998 



701 




tetters to nature 

FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-1 has been 
described^'. In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L". Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG\ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L*'. Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands. 
thereby modulating the antiviral immune response^ Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 



Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifescq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PGR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridizadon to a PCR-generated probe based on the ESTs. one positive done 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated SO 
more clones; the coding regions of these clones were identical in size to that of 
the inidal clone (data not shown). 

Refusion proteins (immunoadhesins). The entire DcR3 sequence, or the 

ectodomain of Fas or TNFRl, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Fluorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or EfFectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL* (2 ftg), together with pRK5 encoding CrmA 
(2 Jig) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fc or TNFRI-Fc and then with phycoerythrin -conjugated 
streptavidin (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Sniimov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express litde FasL (data 
not shown) ». it is possible that DcR3 recognized some other factor that is 
expressed cbnstitutivdy on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
metabolically labelled with ("Sjcysteine and 1^*31 methionine (0.5 mCi; 
Amcrsham). After 16h of culture in the presence of z-VAD-ftnk (10m.M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl -Fc 

(5p-g), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified. Flag-tagged soluble FasL (1 jtg) (Alexis) was incubated 
with each Fc-fusion protein (1 jxg), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). - 

Analysis of complex formation. Flag-tagged soluble FasL {25fig) was 
incubated with buffer or with DcR3-Fc (40 jig) for 1.5 h at 24*0. The reaction 
was loaded onto a Supeidex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-mi fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 pA aliquots into mtcrodtre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biodnylated anti-Flag anubody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase ( Amersham). Calibration of the column 
indicated an apparent reladve molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium bindintg analysis. Microtitre weUs were coated with anti-human 




IgG. blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay. Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgG I before addition of Flag- 
tagged soluble FasL plus DcR3-Fc 

T-cell AlCO. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 p-gml"') for 24 h, and cultured 
in the presence of interleukin-2 ( 100 U mP' ) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h Uter.by FACS analysis of annexin-V-binding of CD4* cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with ^'Cr-loaded Jurkat cells at an eifector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of '*Cr in effector-target co- 
cultures relative to release of *'Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hocchst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PGR" 
using a TaqMan instrument ( ABI). The method was validated by comparison of 
PGR and Southern hybridizadon data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAG 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score ^ 5.4). SHGC-36268 (T159). the nearest 
available marker which maps to -^500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'.CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and die 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5 '-fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2^^^*, where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a lai^e 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes^ The recently completed Escherichia colt genome 
sequence revealed that the largest family of paralogous £. colt 
proteins is composed of ABC transporters^. Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate subunits which are 
aissembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and £. co/i''^"' is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMPi, 
which comprises integral membrane subunits» HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins', is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM*. The two HisP 
subunits form a dimer, as shown by their coo pe rati vity in ATP 
hydrolysis^, the requirement for both subunits to be present for 
activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer^. HisP has been purified 
and characterized in an active soluble form^ which can be recon- 
stituted into a fully active membrane-bound complex*. 

The overall shape of the crystal structure of the HisP monomer is 
that of an 'L' with two thick arms (arm I and arm 11); the ATP- 
binding pocket is near the end of arm I (Fig. I). A six-stranded p- 
sheet (p3 and p8-P 12) spans both arms of the L, with a domain of a 
a- plus p-type structure (Pl, p2, p4-P7, ai and a2) on one side 
(within arm I) and a domain of mosdy a-helices (a3-a9) on the 
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Rgure 1 Crystal structure of HisP. a. View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II Is about 25 A. comparable to that of membrane. o>Helices 
are shown in orange and p-sheets in green, b, View along the two-foW axis of the 
HisP dimer. showing the relative displacement of the monomers not apparent in 
a. The (J-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I. as shown in a, towards arm II. showing the ATP-binding 
pocket, a-c. The protein and the bound ATP are in 'ribbon' and 'bali-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These hgures were prepared with MOLSCRIPT^. N. amino terminus: C. C 
terminus. 
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Gene amplification is a connmon event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require ppst-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccn(i^ and 
erbB2) in breast tumors. Extra copies of myc, ccnd^ and erf>B2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 1 5.1 , respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings, int. L 
Cancer 78:661>666, 1998. 
O 1998 miey-Liss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et aL. 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
. to be amplified frequently in breast cancers include myc (8q24), 
ccndl ( 1 1 q 1 3 ), and erbBl ( 1 7q 1 2-q2 1 ) (for review, see B ieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Hems et aL, 1992; 
Schuuring et aL, 1992; Slamon et aL, 1987). Muss et aL (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et aL (1987) between 
erbB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
pg/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerfiil tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either afler a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica* 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson ei aL. 1996; Heid ei 
aL. 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et aL (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et aL. 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (Le.. 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA {i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5'-3' nuclcolytic activii>' of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio deflned as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et ai. 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the Ci (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndJ and erbB2), as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had .undergone radiotherapy or chemotherapy. Immedi- 
ately after sui^ery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included in this study, if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

TheQretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C, (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring C^ and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e., lack 



of extensive degradation) are both difTiculi to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3. in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et ai, 1 994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the. amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N'\ and is determined as follows: 

copy number of target gene (app. myc, ccndl, erbBl) 
_ . ^ 

copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DN Agency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers arc available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standatxl'Curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et ai (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
hg of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The S PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 1 0-fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/^1. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging fi-om 10"' (10* copies of each gene) to 
10"'" (10^ copies). This series of diluted PCR products was 
aliquoted and stored at ~80®C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 hg). 

PCR amplification. Amplification mixes (50 ^1) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
lOX TaqMan buffer (5 ^1), 200 ^M dATP, dCTP, dGTP, and 400 
fiM dUTP, 5 mM MgCl2, 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
1 00 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95**C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for I min. Each assay included: a standard 
curve (from 10^ to 10^ copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fliiorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C, and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc. ccndl and erbBl proto-oncogenes, 
and the p-amyloid precursor protein gene {app), which maps to a 
chromosome region (2lq2l.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et ai, 1994). The 
reference disomic gene was the albumin gene (aib, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 

of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/^1. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (al least 4 orders of 
magnitude), with samples containing as few as 10- copies or as 
many as 10^ copies. 

Copy-number ratio of the 2 reference genes (^app and alb) 

The app to alb copy-number ratio was determined in 1 8 nonnal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure I - Albumin {alb) gene dosace by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10^ (A9), 10* (A7), 10^ (A4) to 10^ (A2) and a no-templatc control (Al). Cycle number is plotted v^. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. Q (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one arc shown here. Bottom: 
Standard curve plotting log starting copy number vs. C, (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app. 21q2l.2: alb, 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et ai, 1994), The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 i: 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccnd I and erbfi2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 18 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0,22) for mvc, 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1.3 (mean 0.91 ± 6.19) forer^B2- SinceN values 
for myc, ccndl and erbBl in normal leukocyte DNA consistently 
fell between 0,5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and erb52 gene dose in breast-iumor DNA 

myc, ccnd J and erbB2 gene copy numbers in the 108 primary 
breast tumors are reported in Table 1. Extra copies of ccnd J were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccnd J. 2 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold {T133) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccnd J 
in 2 cases and myc and erbBl in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of er^B2), No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

^Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N ^ 5). However, there were cases (1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southem-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc, 
ccndl AND erbBl GENES IN 108 HUMAN BREAST TUMORS 



' Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 


^5 


myc ' 


0 


97 (89.8%) li (10.2%) 


0 


ccndl 


0 


83 (76.9%) 17(15-7%) 


8 (7.4%) 


erbBl 


5 (4.6%) 


87 (80.6%) 8 (7.4%) 


8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene ft"om minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or fonnal in-fixed, paraffm-embedded tissues). 

In this study, wc validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et ai, 1 994). First, the real-time 
PCR method is performed in a closed-lube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et ai, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations arc 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 1 00 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables Q to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Ct ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-lime PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantagc of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained iii 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et al, 
1996; Slamon et ai, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature, (i) Chromosome regions 4qll-ql3 and 21q21.2 
(which bear alb and app. respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et al, 1994). («) Wc found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et ai, 1992; Borg et al, 1992). (ii7) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et ai ( 1 992) and Courjal et ai 
(1997). (/v) The maxima of ccndl and erbBl over-representation 
were 18-fold and 15-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: T 11 8 (E 1 2, C6, black squares), T 1 33 (G 11 , B4, red squares) 
andT145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 



30-fold maximum) (Bemsc/aA. 1992; Borge/fl/.. 1 992; Courjal e/ 
ai, 1997). (v) The erbBl copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et ai, 1 995; Deng et aL 1996; Valeron 



et ai, 1996). Our results also correlate well with those recently 
published by Gelmini et ai (1997), who used the TaqMan system to 
measure erbBl amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmcr Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndi GENE DOSAGE RESULTS 
FROM ? BREAST TUMORS' 
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'For each sanrple, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (SccndJ/alb) is detemiined by dividing the average ccndJ 
copy nomber value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erbB2) observed by means of real-time 
quantitative PCR as compared with Southem-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al, 1992; 
Simmon etal, 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbBl (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (17q2l) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1 995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate nriethod of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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pretreatment with a 55-kDa TNF receptor-Ig fusion protein, Ro45-2081. J. 
Immunol. 156,2221-2230 (1996). 

39. Pitti, R., Marsters, S., Ruppert, S., Donahue, C, Moore, A., and Ashkenazi, A. 
Induction of apoptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family. J. Biol. Chem. 271, 12687-12690 (1996). 
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40. Marsters, S., Pitti, R., Donahue, C, Rupert, S., Bauer, K., and Ashkenazi, A . 
Activation of apoptosis by Apo-2 ligand is independent of F ADD but blocked by 
CrmA. C«rr. 5zo/. 6, 1669-1676 (1996). 

41. Marsters, S., Skubatch, M., Gray, C, and Ashkenazi. A. Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
the NF-kB and AP-1 transcription factors. J. Biol. Chem. 272, 14029-14032 
(1997). 

42. Sheridan, J., Marsters, S., Pitti, R., Gumey, A., Skubatch, M., Baldwin, D., 
Ramakrishnan, L., Gray, C, Baker, K., Wood, W.I., Goddard, A., Godowski, P., and 
Ashkenazi. A. Control ofTRAIL-induced apoptosis by a family of signaling and 
decoy receptors. Science 277, 818-821 (1997). 

43. Marsters, S., Sheridan, J., Pitti, R., Gumey, A., Skubatch, M., Balswin, D., Huang, A., 
Yuan, J., Goddard, A., Godowski, P.. and Ashkenazi. A. A novel receptor for 
Apo2L/TRAIL contains a truncated death domain. Curr. Biol. 7, 1003-1006 (1997).. 

44. Marsters, A., Sheridan, J., Pitti, R, Brush, J., Goddard, A., and Ashkenazi, A. 
Identification of a hgand for the death-domain-containing receptor Apo3 . Curr. BioL 
8,525-528(1998). 

45. Rieger, J., Naumann, U., Glaser, T., Ashkenazi. A ., and Weller, M. Apo2 ligand: 
a novel weapon against mahgnant gUoma? FEBSLetU All, 124-128 (1998). 

46. PAT,HAr g FpH T rhamnw. S.. Ashkenazi. A ., and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. /. Immunol. 160, 4098-4103 (1998). 

47. Pitti, R., Marsters, S., Lawrence, D., Roy, Kischkel, F., M., Dowd, P., Huang, A., 
Donahue, C, Sherwood, S., Baldwin, D., Godowski, P., Wood, W., Gumey, A., 
Hillan, K., Cohen, R, Goddard, A., Botstein, D.. and Ashkenazi, A. Genomic 
amplification of a decoy receptor for Fas Ugand in lung and colon cancer. Nature 
396, 699-703 (1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A., and Bonavida, B. 
Sensitization of AIDS Kaposi's sarcoma cells to Apo-2 Ugand-induced apoptosis 
by actinomycin D. y. //n/wM«o/. 162, 5616-5623 (1999). 

49. Gumey, A. Marsters, S., Huang, A., Pitti, R, Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldens, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski, P., and Ashkenazi. A: Identification of a new member of the tumor 
necrosis factor family and its receptor, a human ortholog of mouse GUR. Curr . 
fiio/. 9, 215-218 (1999). 
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50. Ashkenazi, A ., Pai, R., Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A., DeForge, L., Khoumenis, I., Lewis, D., 
Harris, L.. Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest. 104, 155- 
162 (1999). 

5 1 . Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, K.J. Determination of residues involved in ligand binding and signal 
transmissiion in the human IFN-a receptor 2. J. Immunol. 163, 766-773 (1999). 

52. Johnsen, A.-C., Haux, J., Steinkjer. B., Nonstad, U., Egeberg, K., Sundan, A., 
A>,hlcena7.i, A., and Espevik, T. Regulation of Apo2LA'RAIL expression in NK 
cells - involvement in NK cell-mediated cytotoxicity. Cytokine 11, 664-672 
(1999). 

53. Roth, W., Iseiimann, S.. Naumann, U., Kugler, S., Bahr, M., Dichgans, 

. Ashkenazi. A., and Weller, M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAJL. Biochem. Biophys. Res. Commun. 265, 479- 
483(1999). 

54. Hymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Coraiell, M., Kelley, 
. R.F., Ashkenazi. A. and de Vos, A.M. Triggering Cell Death: The Crystal 

Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz, S.G., O'Connel, M.P.,'Utsch, M.H., Hurst, A., Totpal, K., Ashkenazi, 
A,, de Vos, A.M., Kelley, R.F. A unique zinc-binding site revealed by a high- 
resolution X-ray structure of homotrimeric Apo2I/rRAIL. Biochemistry 39, 633- 
640(2000). 

56. Zhou, Q., Fukushima, P., DeGraff, W., Mitchell, J.B., Stetler-Stevenson, M., 
Ashkenazi.- A., and Steeg, P.S. Radiation and the Apo2iyrRAIL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpressing cyclin Dl. Cancer Res. 60, 261 1-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kim, J ., and 
Ashkenazi. A. Apo2L/TRAIL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. //nmumiy 12, 611-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, LS., Wang, H., * Ashkenazi, A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
immunity. Nature Immunol. 1, 37-41 (2000). 
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59. Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazi, A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologues BCMA and TACI. Curr. Biol. 10, 785-788 (2000). 

60. Kischkel, F.C, and Ashkenazi. A . Combining enhanced metaboUc labeUng with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Biotechniques 29, SQ6-5\2{2QQQ). 

61 . LaAvrence, D., Shahrokh, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillan, K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
Fox, J., Thomas, D., and Ashkenazi. A. Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Nature Med. 7, 383-385 (2001). 

62. Chuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K., Martsters, S.A., 
Koeppen, H., Ashkenazi. A ., and Kim, K. J. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol. 
166,4891-4898(2001). 

63. PnliarV T F Frff. M.. and Ashkenazi. A . Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
Ugand leads to selective killing of gUoma cells. Clin. Cancer Res. 1, 1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, I.S. TACI-Ugand interactions are 
required for T cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632-637 (2001). 

65. Kischkel, F.C, Lawrence, D. A., Tinel, A., Virmani, A., Schow, P., Gazdar, A., 
Blenis, J., Amott, D., and Ashkenazi. A . Death receptor recruitment of 
endogenous caspase- 1 0 and apoptosis initiation m the absence of caspase-8. J. 
5io/. CW 276, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E., Totpal, K., Morlan, J ., Schow, P., 
Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi. A T umor cell resistance to 
death receptor induced apoptosis through mutational uiactivation of the 
proapoptotitc Bcl-2 homolog Bax. Nature Med. 8, 274-281 (2002). 

67. Miller, K., Meng, G., Liu, J., Hurst, A.. Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault., Keller, G., Sliwkowski, 
M.. Ashkenazi. A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol 170, 4854-4861 (2003). 
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68. . Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, I. and Ashkenazi, A. 
Immune system development in APRIL knockout mice. Submitted. 

Review articles: 

1. Ashkenazi. A.. Peralta, E:, Winslow, J., Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII, 263-272 (1988). 

2. Ashkenazi. A .. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol. Sci. Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Aramann, A., Kahn, J., Allen, D., Eichberg, J ., Byrn, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-HIV 
therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi. A .. Capon, and D. Ward, R. Lmnunoadhesins. Int. Rev. Immunol. 10, 
217-225(1993). 

5. Ashkenazi. A ., and Peralta, E. Muscarinic Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi, A. 
Inhibition of erythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris,. Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A . Cytokine neutralization as a potential therapeutic approach for 
SIRS wid shock. J. Biotechnology in Healthcare \,\^'J-'2-06{\99 A). 

8. Ashkenazi. A .; and Chamow, S. M. Immunoadhesiiis: an alternative to human 
monoclonal antibodies. Itnmunomethods: A companion to Methods in 
£«zf7iJo/ogy 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . Immunoadhesins: Principles and Applications. 
Trends Biotech. U, 52-60 {\996): 

10. Ashkenazi. A ., and Chamow. S. M. hnmunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). 

11. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281,1305-1308(1998). 

12. Ashkenazi. A ., and Dixit, V. Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell Biol: 11, 255-260 (1999). 
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13. Ashkenazi.A . Chapters on Apo2I7TRAIL; DR4, DR5, DcRl, DcR2; and DcR3. 
Online Cytokine Handbook rwww.aonet^ coni/cvtokinereference/). 

14. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

15. LeBlanc, H. and Ashkenazi. A . Apoptosis signaling by Apo2I/rRAIL. Cell Death 
and Differentiation 10, 66-75 {2003). 

16. Ahnasan, A. and Ashkenazi. A . Apo2L/TRAIL: apoptosis signaUng, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 
(2003). ~ . 



Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi. A., eds., John Wiley and 
Sons Inc.) (1999). . . 

Talks: 

1 . Resistance of primary HIV isolates to CD4 is independent of CD4-gpl20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. BBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor Immunoadhesins for the Treatment of Sepsis. IBC 
conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Immunoadhesins: an alternative to human antibodies. BBC conferaice on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1993. 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th Intemational Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-Y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of hnmunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1 996, 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

10. Induction ofapoptosis by Apo2 Ligand. American Society for Biochemistry and 

Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 

Orleans, LA, June, 1996. 
IL Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 

Palo Alto, CA, October 1S>96. 

12. Regulation of apoptosis by members of the TNF Ugand and receptor famiUes. 
StMiford University School of Medicine, Palo Alto, CA, December 1996. 

1 3 . Apo-3 : anovel receptor that regulates cell death and inflammation. 4th 
Intemational Congress on Lmmime Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. hnmunoadhesins: ah alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chainnan and speaker, Apoptosis Sigialing session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

1 8. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philladelphia, PA, February 1998. 

19. Apo2 Ugand and its receptors. American Society of Lranunologists. San 
Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th Intemational TNF Congress. Cape Cod, MA, 

May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
, CA, June 1998. 

.22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 

Cancer Chemotherapy. New London, NH, July 1998. 
23 ; Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 

August 1998. 

24. Control of apoptosis by Apo2L. Intemational Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 



11 



# 



25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1 999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999*. 

30. The Apo2L/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

31. Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
iPhilladelphia, PA, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAlL system: ther^eutic potentid. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apo2L/rRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2L/TRAE.. The Protein Society. 14* Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. IndianapoUs, IN 
Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signahng by Apo2L/TRAIL. Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposiimi on the 
Molecular basis of cancer. Taos, NM, Jan 2001. 

41. Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Sciencie, Rehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference. North Fahnouth, MA, Jun 2001. 

45 . Targeting death receptors in caiicer with Apo2L/TRAIL. Biotechnology 
. Organizationconference, San Diego, CA, Jun 2001. 

46. Apo2I7TRAIL signahng and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001 . 

49. • Apoptosis signaling by death receptors. American Society of Nephrology 

Conference. San Francisco, CA, Oct 2001 . 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51 . Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. . Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 

Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international, 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apb2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis mduction with Apo2L/TRAIL. Conference on New Targets and 
. Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposimn on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 
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1. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. and Kogan, T, Carbohydrate-directed crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). 

3. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999). 

4. Ashkenazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5 . Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 hgand antibodies. US patent 6, 

046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 

reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chiintharapai, A,, Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A. APO-2 Receptor. US patent 6,342,369 (Jan 29, 2002). 

9. Ashkenazi, A. Fong, S., Goddard, A., Gumey, A., Napier, M., Tumas, D., Wood, W. 
A-33 polypeptides. US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A. AP0-2LI and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
(Oct 22, 2002). 

12. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,92881 (Jun 24, 2003). 
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